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In  subsequent  investigations  V.  V.  Chelln.tsev  shov  ed  chat  tr-e  of  etheis,  sulf’des  and  tertiary 

amines  on  certain  organomagnesium  compounds  (presenting  tne  appearance  of  a  snow  vfMte  solid  mass) 
suspended  in  benzene  leads  to  conversion  of  the  organomagnesium  compounds  into  complexes  soluble  in  excess 
of  the  added  substances.  Vladimir  Vasilevich  thereby  demonstrated  that  certain  organomagnesium  compounds 
are  converted  into  oxonium,  thionium  and  ammonium  complexes.  He  then  carried  out,  in  the  celebrated 
thermochemical  laboratory  of  V.  F.  Luginin,  careful  investigations  of  the  heat  of  formation  of  the  above-men“ 
tioned  compounds  and  of  the  heat  of  decomposition  of  the  final  complexes  with  water. 

These  determinations  supplied  the  first  data  for  the  relative  thermal  effects  of  the  formation  of 
oxonium,  thionium  and  ammonium  complexes  and  for  the  influence  of  organic  radicals  on  these  magnitudes. 

In  these  researches  he  moved  on  to  a  new  field  of  immense  importance,  namely  the  higher  valences  of  organic 
compounds  containing  oxygen,  nitrogen  and  sulfur.  Pursuing  his  investigations  in  this  direction,  V.  V.  Chelintsev 
extended  them  to  all  classes  of  organic  compounds  —  alcohols,  ethers,  phenols,  ketones,  esters,  etc.  His  many 
investigations,  wlUch  attracted  general  attention  for  their  fundamental  character  and  novel  content,  enabled  him 
to  show  that  these  higher  valences  varied  in  dependence  on  the  different  functional  groups  in  organic  compounds. 

In  the  opimon  of  Academician  A.  E.  Favorsky,  these  were  classical  investigations  in  the  field  of  the  oxonium 
compounds. 

On  the  basis  of  the  thermochenucac.  Y.  V.  Chelintsev  was  able  so  correct  the  earlier 

formulas  of  complex  oxonium  compounds,  for  example  that  of  dimethyipyrrole  advanced  by  Collis,  Bayer, 

Villiger  and  others.  These  studies  yielded  a  complete  table  of  the  thermocnemirai  data  relating  to  higher 
valences  in  all  the  basic  groups  of  organic  compo^Luds.  On  the  basis  of  this  table  we  can  now  fairly  readily 
predict  which  of  these  substances  will  displace  other  compounds  from  complexes  during  their  interaction-,  the 
table  also  supplies  information  on  the  effect  on  these  transformations  of  functional  groups,  organic  radicals,  and 
bther  substituents. 

After  studying  organOHagnesium  compounds  undei  laboratory  conditions,  V.  V.  Chelintsev  went  over  to 
the  study  of  such  compounds  In  nature  —  In  the  field  of  chloroj^yll.  Here  he  threw  light  upon  a  series  of 
problems;  firstly,  the  position  of  magnesium  in  the  pyrrole  rings  and  the  significance  of  this  grouping;  secondly, 
the  configuration  of  the  complex  chlorophyll  molecule  with  reference  to  the  appearance  in  nature  of  a  system 
containing  ftrar  pynole  rings  in  spite  of  the  fact  that  two  rir^  would  have  sufficed  for  the  absorption  of  carbon 
dioxide;  thirdly,  the  chemistry  of  assimilation.  For  these  objectives  he  synthesized  a  series  of  magnesium- 
substituted  pyiroles,  worked  out  a  series  of  new  methods,  and  obtained  such  new  compounds  as  pyrrole  glycols 
and  pyrroledicarboxylic  acids.  These  investigations  were  fruitful  fox  pyrrole  chemistry  in  gerseral. 

In  attempting  to  solve  the  second  problem  of  the  configuration  of  the  complex  chlorophyll  molecule, 

V.  V.  Chelintsev  investigated  the  condensation  of  pyrrole  with  acetone  and  showed  that  the  pyrrole  ring  has  an 
limate  tendency  to  form  those  tetranuclear  complex  systems  on  which  chlorophyll  is  based,  and  that  the  conden¬ 
sation  of  two-ring  systems  is  inevitably  followed  by  transformation  into  tetranuclear  systems,  hi  this  manner  he 
solved  the  problem  of  die  formation  in  nature  (In  chloroi^yll)  of  complex  groupings  of  pyrrole  rings. 

Concerning  the  third  problem  —  the  mechanism  of  absorption  of  carbon  dioxide  during  assimilation  and 
its  subsequent  reduction  —  V.  V,  Chelintsev  was  not  satisfied  with  Willstatter’s  scheme  involving  participation 
of  the  magnesium-substituted  chlorophyll  rings.  V.  V,  obtained  substituted  acids  by  reacting  carbon  dioxide 
wifii  such  magnesium-substitmed  simplest  pyrrole  derivatives,  and  no  reduction  of  the  carbon  dioxide  was  ribserved. 

He  himself  proposed  a  mechanism  for  the  reaction  of  carbon  dioxide  with  water  under  the  influence  of  chlorophyll 
followed  by  formation  of  sugar. 

From  1930  V.  V.  Chelintsev  devoted  his  energy  to  the  study  of  furan  compou-jds  and  their  condensations. 

He  worked  out  a  special  method  for  isolating  furfural  from  the  i»oducts  of  disdJiation  diiring  the  manufacture  of 
furfural  from  vegetable  materials.  He  examined  the  colored  compounds  prepared  by  condensing  furfural  with 
various  organic  compounds.  On  the  basis  of  these  coloring  matters  he  and  his  students  developed  methods  of 
determination  of  small  amounts  of  acetone,  furfural,  formaldehyde  and  acetaldehyde.  The  work  of  V.  V. 

Chelintsev  on  the  preparation  of  alcohols  and  ketones  of  the  furan  series  has  considerably  widened  our  knowledge 
of  die  chemistry  of  furan  compounds. 

V.  V.  Chelintsev  realized  a  series  of  new  syntheses  also  in  other  branches  of  organic  chemistry?  The 
synthesis  of  a-keto  acids  with  the  aid  of  copper  cyanide;  the  synthesis  of  chalconogenic  ketones;  the  synthesis 
of  isomeric  ketones  and  of  unsatuiated  ketones  with  the  help  of  magnesium  ^substituted  aminates;  the  synthesis 
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of  new  crystalline  complexes  of  ketones  and  esters  with  acids,  ];^enols,  and  quinones.  These  investigations 
signposted  new  synthetic  routes  and  stimulated  a  whole  series  of  new  researches  and  new  ideas  which  left  their 
mark  in  the  Russian  and  foreign  scientific  literature. 


V.  V.  Chelintsev  was  a  member  of  several  chemical  societies.  In  1933  he  was  chosen  as  corresponding 
member  of  the  Academy  of  Sciences  of  the  USSR,  and  in  1935  he  was  raised  to  the  rank  of  •distinguished 
scientist*. 

V.  V.  Chelintsev  was  an  outstanding  teacher.  He  lectured  on  inorganic  and  organic  chemistry,  on 
chemical  methodics  and  on  the  history  of  chemistry  for  over  40  years  in  the  university  and  the  teachers* 
training  college.  His  lectures  were  always  carefully  thought  out  and  brilliant  in  form.  They  were  simple, 
clear,  correlated  with  the  development  of  the  problems  discussed,  and  were  always  accompanied  by  a  series 
of  striking  experiments.  They  were  also  attended  by  students  in  other  courses  as  well  as  by  teachers  who  wished 
to  learn  how  to  clarify  chemical  problems  and  to  perform  experiments.  Vladimir  Vasilevich  loved  chemistry 
and  had  an  instinct  for  the  experimental  side. 

V.  V.  Chelintsev  was  a  great  patriot.  He  understood  the  necessity  of  popularizing  knowledge,  of  making 
propaganda  for  science  and  of  popularizing  it  among  the  vast  masses.  He  wrote  a  series  of  books  in  popular 
language  under  the  titles  of  •Organic  chemistry  and  biographies  of  its  outstanding  figures*,  *Fundamental 
chemical  concepts,  laws  and  theories  in  popular  presentation*,  "Rivalry  between  the  laboratory  and  nature*, 

*The  centenary  of  the  birth  of  Louis  Pasteur*,  etc.  He  organized  the  Saratov  Chemical  Society  and  the  Saratov 
Teachers*  Naturalist  Society  and  served  them  faithfully  and  incessantly.  With  his  feverish  energy  and  inex¬ 
haustible  initiative,  Chelintsev  interested  himself  passionately  in  the  problems  of  the  chemical  industry,  in 
the  develoiMnent  and  exploitation  of  the  natural  resources  of  the  country  and  in  particular  of  his  native  region 
of  Privolzh.  He  prepared  reports  for  special  industrial  conferences  in  diverse  national  committees  and  in  the 
Academy  of  Sciences  with  reference  to  the  development  of  the  natural  wealth  of  the  country. 

Over  a  period  of  many  years  V.  V.  Chelintsev  acted  as  consultant  and  fellow-worker  of  the  Saratov 
•kraisovnarkhoz*;  He  published  numerous  papers  on  the  mineral  and  vegetable  wealth  of  the  region  and 
undertook  in  the  university  laboratory  many  investigations  of  specimens  of  raw  materials  from  different  parts 
of  the  Volga  Province  and  other  regions.  He  was  interested  in  petroleum,  peat,  shale,  gases,  salts,  clays, 
pyrites  and  sands.  He  was  interested  in  such  industries  as  drying  oils,  glues,  tanning  agents,  and  hydrogenation 
of  fats.  He  entered  all  these  fields  as  a  penetrating  researcher,  as  a  great  patriot,  as  a  pioneer  in  problems  of 
technology,  and  as  an  industrial  organizer. 

The  Government  of  the  USSR  showed  high  appreciation  of  the  services  of  Vladimir  Vasilevich  Chelintsev. 
He  was  twice  awarded  the  '^Red  Banner  of  Labor*  *  and  received  a  medal  "for  valiant  service  in  the  Great 
Patriotic  War". 

Vladimir  Vasilevich  devoted  all  his  ene^es  to  the  organization  and  prosperity  of  the  beloved  umversity 
of  his  native  town  and  to  the  development  of  the  natural  resources  of  his  region.  He  always  expressed  himself 
an  enthusiastic  believer  in  the  possibilities  of  development  of  the  chemical  industry  of  the  Volga  Province  and 
showed  keen  interest  in  the  development  of  culture  in  Saratov,  the  town  in  which  N.  G.  Chernyshevsky  (of 
whom  Chelintsev  liked  so  often  to  talk)  was  born  and  died. 

In  V.  V.  Chelintsev  Soviet  chemistry  has  lost  an  outstandii^  scientist,  a  richly  endowed  investigator  with 
a  wide  range  of  scientific  interests  who  devoted  all  his  knowledge,  skill  and  energy  to  the  service  of  the  country 
and  science.  The  death  of  Chelintsev  "was  felt  ih  particular  by  his  pupils,  whose  link  with  him  was  never  broken 
up  to  the  last  days,  and  also  by  Saratov  University  where  he  worked  from  its  foundation. 

The  luminous  figure  of  Chelintsev  —  teacher  and  friend  —  will  always  remain  in  the  recollection  of  his 
pupils  and  comrades,  while  his  achievements  will  serve  for  many  long  years  as  an  example  to  fresh  generations 
of  investigatoK  and  will  occupy  one  of  the  most  honored  places  in  the  history  of  organic  chemistry.  His  pupils 
will  exert  every  effort  to  compensate  for  this  heavy  loss  and  together  with  the  whole  army  of  Soviet  chemists 
they  will  pursue  the  extensive  developmait  of  chemical  science  for  the  glory  of  our  socialist  state. 

THE  MOST  IMPORTANT  PUBLICATIONS  OF  V.  V.  CHELINTSEV* 

L  Papers  in  Scientific  Journals 

[1.]  The  action  of  isopropyl  iodide  on  magnesium.  J.  Russ.  Chem,  Soc.  36,  549  (1904). 

•  The  list  does  not  include  about  200  publications  in  separate  brochures,  popular  editions,  newspapers  and 
special  magazines  on  questions  of  chemical  history,  chemical  industry  (with  particular  reference  to  the  Saratov 
oblast  and  the  Volga  Province),  the  teaching  of  chemistry,  etc. 


1317 


[2]  The  analogy  between  organic  oxygen  and  nitrogen  compounds.  J,  Russ.  Chem.  Soc.  36,  1268  (1904). 

[3]  The  theory  of  the  Grignard  reaction  and  a  new  method  of  preparation  of  organomagnesium  compounds. 

J,  Russ.  Chem.  Soc.  37,  367  (1905). 

[4]  Transformations  of  some  organomagnesium  compounds  into  Grignard-Bayer  oxonium  bases  and  the 
thermochemical  investigation  of  this  reaction.  J.  Russ.  Chem.  Soc.  37,  1100  (1905). 

[5]  Concerning  a  new  series  of  ether  complexes  of  organomagnesium  compounds.  J.  Russ.  Chem.  Soc. 

38,  579  (1906). 

[6]  The  problem  of  preparation  of  some  organomagnesium  compounds  and  their  properties.  Chem.- 
Zeitung,  30,  378  (1906). 

[7]  Thermochemical  examination  of  the  decomposition  of  organomagnesium-ether  complexes  with 
water,  J.  Russ.  Chem.  Soc.  38,  962  (1906). 

[8]  Thermochemical  examination  of  the  decomposition  of  some  mixed  organomagnesium  compounds 
with  water.  Ber.  39,  1682  (1906). 

[9]  Heat  of  formation  of  some  halogenated  organomagnesium  compounds  from  the  elements  and  the 
heat  of  their  peparation  from  halogenated  organic  compounds  and  magnesium.  J.  Russ.  Chem.  Soc.  38,  975 
(1906). 

[10]  Investigation  of  the  influence  of  radicals  upon  the  character  of  the  secondary  valences  of  oxygen. 

J.  Russ.  Chem,  Soc.  39,  1015  (1907). 

[11]  Investigation  of  cases  of  isomerism  of  Grignard  and  Bayer  oxonium  compounds.  J.  Russ.  Chem. 

Soc.  39,  1019  (1907). 

[12]  Conversion  of  some  organomagnesium  compounds  into  amine  complexes  and  their  thermochemical 
examination.  J.  Russ.  Chem.  Soc.  39,  1250  (1907). 

[13]  Reciprocal  transformations  of  magnesium-ammonium  and  magnesium-oxonium  compounds.  J.  Russ. 
Chem.  Soc.  40,  569  (1908). 

[14]  Oxonium  dibromides  of  ethers  and  their  structure.  J.  Russ.  Chem.  Soc.  41,  131  (1909).  (In  collabora¬ 
tion  witii  V.  Konovalova). 

[15]  Influence  of  the  masses  of  reacting  substances  upon  the  formation  of  oxonium  dibromides  in  various 
organic  solvents.  J.  Russ.  Chem.  Soc.  43,  620  (1911).  (In  collaboration  with  V.  Konovalova). 

[16]  Influence  of  the  concentration  of  reacting  substances  upon  the  formation  of  oxonium  dibromides  in 
different  organic  solvents.  J.  Russ.  Chem.  Soc.  43,  633  (1911).  (In  collaboration  with  V.  Konovalova). 

[17]  Thionium  dibromides  of  sulfides.  J.  Russ.  Chem.  Soc.  44,  1885  (1912). 

[18]  Ammonium  dibromides  of  tertiary  amines.  J.  Russ.  Chem.  Soc,  44,  1894  (1912). 

[19]  Rate  of  formation  of  oxonium  dibromides  in  various  orgamc  solvents.  J.  Russ.  Chem.  Soc.  44,  865 

(1912). 

[20]  Thionium  dibromides  of  sulfides.  J.  Russ.  Chem.  Soc.  44,  1885  (1912). 

[21]  Concerning  the  relation  of  organomagnesium  compounds  to  aromatic  ethers.  J.  Russ.  Chem.  Soc.  45, 
289  (1913).  (In  collaboration  with  B.  Pavlov). 

[22]  Investigation  of  the  higher  valences  of  oxygen-containing  organic  compounds.  J.  Russ.  Chem,  Soc.  45, 
844  (1913). 

[23]  Investigation  of  the  higher  valences  of  oxygen-containing  organic  compounds.  Oxoniam  compounds  of 
phenol,  J.  Russ.  Chem.  Soc.  45,  864  (1913). 

[24]  Concerning  the  structure  of  organomagnesium  complexes  and  the  mechanism  of  their  formation.  J. 
prak.  Chem.  (2),  89,  86  (1913). 

[25]  Products  of  reaction  of  bromine  with  ethers.  The  compounds  of  Schutzenberger,  Mackintosh  and 
Chelintsev.  J,.  Russ.  Chem.  Soc.  45,  1845  (1913). 
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[26]  Investigation  of  the  higher  valeaces  of  oxygen-eonriiining  o;ganic  compounds.  OL  The  basic 
properties  of  oxygen  in  aromatic  alcohols.  J.  Russ.  Chem.  Soc.  45,  1909  (1913). 

[27]  Investigation  of  the  higher  valences  of  organic  oxygen-containing  compounds.  IV'.  The  basic 
properties  of  oxygen  in  alcohols  of  the  terpene  series.  J.  Russ.  Chem.  Soc.  45,  1912  (1913). 

[28]  Investigation  of  me  higher  valences  of  organic  oxygen-containing  compounds.  V.  The  differences 
between  principal  and  secondary  values  in  alcohols.  J.  Russ.  Chem.  Soc.  45,  1917  (1913). 

[29]  The  action  of  esters  on  pyrrole  magpesiiim  dibromrde.  Be;,.  47,  2647  (1914).  (With  A,  P.  Teientyev). 

[30]  A  new  method  of  preparation  of  a  pyrroiealdehyde.  Ber.  47,  2652  (1914)  (Wich  A.  P.  Terentyev). 

[31]  Investigations  of  the  higher  valenc  es  of  organic  oxygen  <  ontaining  compour..d>.  VL  The  basic 
properties  of  oxvgen  in  ethers.  J,  Russ.  Chem,  Soc.  46,  889  (1914). 

[32]  The  action  of  e.  on  pyrrole  magnesium  bromide.  J.  Russ.  Chem.  Soc.  46,  1399  (1914).  (With 
A,  P.  Terentyev) 

[33]  Complex  magnesium,  compound",  of  pj.iole.  Indole  a.nd  carbazole  in  their  relations  to  cMorophyll. 

J.  Russ,  Chem.  Soc.  46,  1876  (1914).  (With.  B.  Tronov). 

[34]  Magnesium  derivatives  of  piperidine,  tetiahydroqElnojjne  arid  nyd,  Dacridlne  in  the  lig.ht  of  the 
theory  clarifying  the  relative  complex-forming  abilities  oi  these  c ompounds.  ;  .  R.i.s...  Chem,  Soc.  46,  1886 
(1914).  (With  B.  Tronov). 

[35]  A  method  for  preparation  of  dipyrrole  ketone.  J.  Russ,.  Chem.  Soc,  47,  170  (1915).  (With  D,  Skvortsov). 

[36]  On  the  isomerizations  of  oiganometallLc  compounds  of  pyrrole  under  the  action  of  ethyl  carbonate  and 
ethyl  chlorocarbonate.  J.  Russ.  Chem.  Soc.  47,  170  (1915).  (With  S.  Kaimariov). 

[37]  On  the  nature  and  structure  of  tripyrrole.  J,  Russ.  Chem.  Soc.  47,  1224  (1915).  (With  B.  Tronov  and  B. 
Voskresensky), 

[38]  Preparation  of  dipyrryldlphenylmethane,  pyrryldiphenylcatbinol  and  new  dyestuffs  of  the  pvrrole  series. 
J.  Russ.  Chem.  Soc.  47,  1211  (1915).  (With  B.  Tronov  and  A.  Terentyev) 

[39]  The  process  of  condensation  of  pyrrole  with  acetone.  J.  Russ.  Chem.  Soc,  48,  105  (1916).  (With  BL  V. 
Tronov). 

[40]  The  structure  of  the  pynole  -  acetone  condensation  product.  J.  Russ.  Chem.  Soc.,  48,  105  (1916). 

(with  B.V.Maksorov). 

[41]  The  condensation  of  pyrroie  and  methylpyrrole  with  formaldehyde  and  the  prepar  ation  of  giycols 
of  the  pyrrole  series.  J.  Russ.  Chem.  So(r.  48,  748  (1916).  (With  B.  V.  MaKsorov). 

[42]  A  new  method  of  preparation  of  a,a*  pyiroledicarboixylic  acid.  ;.  Rus„  Chem.  Sor.  48,  779  (1916). 
(With  B.  V.  Maksorov). 

[43]  Experiments  on  the  simple  condensation  of  pyrrole  wiir.  Kerone  and  metiyiriexyl  Ketone; 

mixed  condensations  with  acetone  and  methylethyi  ketone  and  their  vaiae  for  e3-;ablhsn;,'g  the  fo:.m.ulas  of  chloro¬ 
phyll  and  hemin.  J.  Russ.  Chem.  Soc.  48,  1197  (1916).  (With  6,  V.  Tronov). 

[44]  Experiments  on  the  simple  condensation  of  pyrrole  with  cyclohexanone  a’-  c  otrer  cyclic  ketones; 
experiments  on  mixed  condensation  vtith  acetone  and  cyclohexanone  ard  tire  iity  of  various  ketones  to  condense 
with  pyrrole,  J.  Russ.  Chem.  Soc,  48,  1210  (1916).  (With  B.  V.  Boriov  and  S.  G.  Karmaiiov). 

[45]  Acidic  compounds.  Investigation  of  the  relative  stability  of  the  hig.ner  valenr  e  of  oxygen  in  various 
classes  of  organic  compounds.  Bull.  Soc.  Chlm.  (4),  36,  741  (1924). 

[46]  The  higher  valences  of  oxonium  compounds.  Bull.  Soc.  Chim.  (4),  37,  176  ( 

[47]  Preparation  and  properries  of  pyrrole-N -carboxylic  acid  and  of  its  amides,  pyrroirdes  and  glyv.eioi 
derivatives.  Ber.  60,  194  (1927)  (with  B.  Maksoiov). 

[48]  The  separation  of  ketones  with  the  help  of  their  oxonium  complexes.  Bull.  Soc.  Chim,  (4),  41,  805 
(1927).  (With  L.  Nazarov). 
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[49]  A  new  method  of  preparation  of  a-*:«ic  acids.  Be.',  62,  2210  (1929).  (With  V.  Scnmidt). 

[50]  Condensations  of  furan  derivatives.  L  Setjondary  reactions  of  furf'irylidene  aceioiie  witfi  other 
products  of  acetone  condensation.  J.  Gen.  Chem.  2,  224  (1932).  (With  E.  K.  Tyii^itin). 

[51]  Study  of  the  reaction  of  diethyloxalate  with  phosphorus  pentabromide  without  pressure  and  under 
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THE  SOLUBILITY  OF  CALCIUM  MOLYBDATE 


Vikt.I.Spitsyn  and  I.A.Savich 


Precipitation  of  calcium  molybdate  is  utilized  in  analytical  chemistry  for  the  quantitative  determination  of 
molybdenum  [1]  and  calcium  [2]  and  for  separation  of  the  latter  from  magnesium  [3].  A  number  of  authors  have 
proposed  to  separate  molybdenum  in  the  form  of  calcium  molybdate  from  industrial  solutions  during  the  processing 
of  molybdenum  ores  [4,5].  However,  the  literature  contains  very  little  information  about  the  solubility  of  calcium 
molybdate.  According  to  Smith  and  Bradbury  [1]  this  compound  is  partially  soluble  in  water  and  insoluble  in  alco¬ 
hol,  Dittler  [6]  measured  the  solubility  of  calcium  molybdate  in  water  at  temperatures  of  30*  and  170*.  In  the  lat¬ 
ter  case  a  saturated  solution  was  obtained  at  high  pressure.  The  solubility  on  a  molybdenum  basis  was  (per  100  ml 
water)  0.0055  g  at  30“  and  0  0328  gat  170“  Bashilov  and  Kindyakov  [5]  determined  the  solubility  of  calcium  molyb¬ 
date  in  water  at  a  temperature  of  18"  and  obtained  a  value  of  0.017  g  per  100  ml  (likewise  calculated  as  molybdenum). 

We  have  studied  the  solubility  of  calcium  molybdate  in  water  by  gravimetric  and  colorimetric  methods  at 
various  temperatures  between  0“  and  100“. 

K _ Prepa  r  a  tion  a  n^  Ana  1  y  s  is  of  Normal _ Calcium  Molybdate 

Calcium  molybdate  was  prepared  by  reacting  (at  room  temperature)  solutions  of  sodium  molybdate  and  cal¬ 
cium  chloride  containing  equimolecular  amounts  of  these  substances.  The  precipitate  was  washed  for  a  prolonged 
period  with  water  by  the  decantation  method  until  chlorine  ions  had  been  completely  removed.  Washing  was  con¬ 
tinued  as  long  as  the  turbidity,  developed  after  addition  of  silver  nitrate  to  a  sample,  did  not  begin  to  dissolve  com¬ 
pletely  in  dilute  nitric  acid.  The  precipitate  was  drained  on  a  Buchner  funnel  and  dried  in  the  air  at  room  tempera¬ 
ture. 

The  water  content  of  the  preparation  was  determined  by  calcinauon  at  500*  to  constant  weight,  and  the 
mean  value  found  was  4.8?51>  (the  hemihydrate,  CaMo04*  O.5H2O,  corresponds  to  4.3(y^)..  Consequently  our  air-dried 
preparation  approximates  to  the  hemihydrate.  The  slightly  high  water  content  may  be  explained  by  the  fine  dis¬ 
persion  of  the  precipitate  and  its  large  surface,  in  consequence  of  which  it  heavily  adsorbs  water.  The  calcined 
preparation  was  analyzed  for  its  content  of  calcium  and  molybdenum. 

For  the  determination  of  calcium,  about  0.2  g  (exactly  weighed)  of  the  molybdate  was  dissolved  in  20  ml 
of  3&7o  hydrochloric  acid,  and  calcium  oxalate  was  precipitated  from  the  solution  by  the  usual  method.  Since  it  is 
more  convenient  in  the  final  stage  to  weigh  calcium  sulfate  rather  than  calcium  oxide,  the  calcium  oxide  resulting 
from  the  calcination  of  the  oxalate  was  moistened  with  water  and  then  worked  up  with  a  few  drops  of  cone,  sulfuric 
acid.  The  mixture  was  evaporated  to  dryness  and  then  calcined  at  a  temperature, of  500-600“. 

For  the  determination  of  molybdenum  the  weighed  sample  (of  the  order  of  0.1  g)  was  dissolved  in  sulfuric 
acid  and  precipitation  was  effected  with  a-benzoin  oxime  [7].  The  precipitate  was  converted  into  moiybdic  anhyd¬ 
ride  by  calcination  at  500*  and  weighed. 


TABLE  1 

The  analytical  results  are  presented  in  Table  1.  .  ,  1  uj-. 

Analysis  of  Calcium  Molybdate 


The  contents  of  calcium  oxide  and  moiybdic  anhydride  in  the  prep¬ 
aration  are  close  to  the  theoretical. 

CaO 

ilo) 

MoO. 

2  Study  of  the  Solubility  of  Calcium  Molybdate  in 

r| 

Found  content...^ 

28.03 

71.94 

Water  by  the  Gravimetric  and  Colorimetric  Methods 

28.00 

71.96 

We  investigated  the  solubility  of  calcium  molybdate  at  temperatures 

Mean  .... 

j  28.01 

71.95 

of  0,  22,  50,  66,  75,  80,  90  and  100*. 

Experiments  in  the  temperature  range  of  22-90*^  were  performed  in  a 

Calculated  for 

C 

1 

1  28.04 

71.96 

glass  test-tube  with  a  spiral  stirrer  and  an  oil  seal  for  protection  of  the  solution 

against  evaporation  and  entry  of  dust  from  the  air.  75  ml  distilled  water  was  introduced  into  the  test-tube  followed 
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by  a  weighed  amount  of  abo  Jt  0.4  g  c  alc  urr.  f  Oe  '  a?  pwcec  j>  a  whose  tempera- 

ture  was  kept  constant  by  means  of  an  electric  ocate  -ir"''  a  c.o'>  ac'  f'e  rnome'e; .  The  mrr'pe.  ature  was  observed 
to  fluctuate  in  the  range  ofjf  0.5‘’.  Observation':  at  0"^  were  made  w  rre  thertr  osiat  fided  with  snow  and  water. 

The  mixing  of  the  liquid  wrth  the  calcmm  molybdate  was  i!sc*llv  effected  conrini^ousiy  Over  a  period  of  several  days. 

The  determination  of  solubility  at  100“  was  performed  with  the  help  of  a  1-liter  flask  fitted  with  a  12-baJb 
reflux  condenser.  The  fla&k,  contained  75C  ml  distilled  water  and  4  g  calciam  molybdate.  Boiling  was  continued  for 
48  hours  in  order  to  establish  equilibrium.  In  these  ej<i>er;menis  tfie  temperatire  vacations  were  likewise  within  the 
limits  of  +0.5”. 


Samples  of  the  solution  were  wiihd  awn  with  glass  p'pets  whose  g::ound -glass  tips  contained  a  filter  plate  of 
porous  glass,  A  small  piece  of  cotton  wool  was  also  placed  beneath  the  fiber.  The  p’pet  was  wrapped  in  cotton  wool 
to  guard  the  solution  against  changes  of  temperature.  Establishment  of  equliibr urr  was  checked  with  the  help  of 
control  samples  which  were  analyzed  colonmetricaliy  foi  theLr  molybdenum  content. 


The  mo  vbdenum  w’ss  determined  color  jnetricaily  by  Cheinikov“s  metnod  [8],  involvii^  the  formation  of  a 
colored  com-ple*  of  tne  <  ompos  (accord  Jig  to  Babko  [9])  Mo(CNS)5  A  Duboscq  colorimeter  was  used  for  com¬ 


paring  the  color  mtens-ries. 

TABLE  2 

Solubility  of  Caicium  ^foiybdate  -^V.ethod  of  evaporation  of  soiar_on) 


Temp. 

1  Expt. 

Wt.of 

Wr.  of 

Amount  of  dry 

Mean, 

MoiybdeP'jiT^ 

Solubx.'.v  at' 

solution, 

dry 

substanre  m 

content  of 

tr.e  salt  in 

1  No. 

g 

re&'due 

100  g  of  ! 

i  g 

1 

100  g  of 

moles/100  g 

solut'on 

solution 

solution 

1 

25.93 

0.0012 

0.0046 

^  0  0046 

0.0022 

0‘  < 

2.3‘'10^ 

u 

2 

23  45 

0  0011 

0.0046 

22  <r 

1 

19.82 

21.67 

0.0010 

0  0052 

1  0.0052 

0  0025 

2.610'^ 

L 

2 

0  0012 

0  0052 

u 

I 

50  i' 

1 

2 

19.63 

17.98 

0  0011 

0  0057 

0  0056 

0.0027 

2.8-  iO”* 

0.0010 

0.0056 

H 

65  f 

1 

bl-21 

56  13 

0.0052 

C  0060 

0.0099 

ll  0.0102 

0  0049 

5.1-10‘'* 

L 

2 

0.0106 

li 

75  r 

1 

51.53 

3149 

0  0io6 

0.0205 

J  0  0204 

0  0098 

1  2-10'^ 

L 

2 

,  0.0C63 

0  0203 

80  f 

1 

39  56 

29  39 

0  0089 

0  0226 

0  02  2 ’t 

0  0109 

1  13-1  o'® 

1 

2 

0.0067 

0  0229  1 

90  r 

1 

52 .73  1 
56  86 

0.0093 

0  0177  1 

jj  0  0578 

0  0087 

8  9- 10"^ 

L 

2 

0  0102 

0.0179  1 

100  [ 

1 

40  77 

53.11 

0.0072 

0  0176  1 

^O.G17‘7 

0  OOBn 

«.6..i0'^ 

L 

2 

0.0096 

0.0178  i 

Gravimetric  deter¬ 
mination  of  the  solubil¬ 
ity  was  carried  out  when 
the  concentration  of 
molybdenum  in  the 
liquid  phase  had  become 
constant.  A  sample  of 
the  solution  was  tr  ans¬ 
ferred  to  a  weighing  bot¬ 
tle.  The  weight  of  the 
solution  was  found  and 
then  evaporation  was 
performed  in  a  drying 
cupboard.  The  solid 
residue  was  brought  to  a 
constant  weight  at  200*. 

A  determination  was 
also  m-ade  of  the  content 
of  anhydrous  salt  in  100 
g  of  solution.  The  min¬ 
ute  amount  of  adsorbed 
water  remaining  in  the 
piepa*^ation  after  drying 
unde.,  the  stated  condi- 
t.ions  does  not  exceed  0,l<7o 
and  may  be  ignored.  The 
solubility  of  caicium 
molybdate  in  100  ml  of 
solution  was  deteimined 
colorimetrically.  The 


TABLE  3 


Content  of  Molybdenum  in  100  ml  of  Satuiated  Solution  of  Caiciuir;  Molybaate 
(Colorimetric  Method) 


TAinpp>rar.np 

22® 

50“ 

76° 

80° 

90° 

Content  of  m-olybdenum 
in  100  mJ  solution  (g) 

0.0019 

0.0022 

0.0025 

0.0095 

0.0112 

0.0095 

0.0090 

Solubility  of  the  salt 
(In  moles  per  liter) 

2.0-10'* 

!  2.3-10“* 

2.6-10  '* 

9.9- iO'** 

1.16-iC'’* 

9.9-iO"* 

9.4-10“' 

experimental  data  are 
pxesented  in  Tables  2  and 
3  and  plotted  in  the  dia- 
g’^am. 
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The  analyses  of  the  solid  phase  from  the  experiments  on  determination  of  the  solubility  of  calcium 
molyM ate  showed  that  its  composition  did  not  differ  from  that  of  the  starting  iveparation.  It  can  therefore 
be  concluded  that  no  hydrolytic  processes  took  place  during  the  action,  of  water  on  the  calcium  molybdate. 


Solubility  of  calcium  molybdate  at 
various  temperatures.  I)  Molybdenum 
content  (by  gravimetric  method)  in 
mg/100  g  solution,  n)  Molybdenum 
content  (by  colorimetric  method)  in 
mg/100  ml  solution. 


The  mean  accuracy  of  the  colorimetric  determination  of 
molybdenum  for  the  given  concentrations  is  5-10^.  We  can 
therefore  consider  the  agreement  between  the  colorimetric  method 
and  the  evaporation  method  to  be  quite  satisfactory.  Attention 
may  be  drawn  to  the  higher  values  in  the  literature  for  the  solu¬ 
bility  of  calcium  molybdate  in  water  at  around  room  temperature. 

The  data  of  Tables  2  and  3  (see  also  the  diagram)  indicate 
that  the  solubility  of  calcium  molybdate  increases  continuously 
from  0  to  80*  and  then  declines.  In  this  behavior  calcium  molyb¬ 
date  is  reminiscent  of  gypsum  whose  solubility  curve  passes  through 
a  maximum  at  38*.  We  are  of  the  opinion,  however,  that  in  the 
case  of  calcium  molybdate  the  inflection  point  on  the  solubility 
curve  conesponds  to  a  change  in  the  hydrated  state  of  the  salt. 

SUMMARY 

1.  The  solubility  in  water  of  nprmal  calcium  molybdate 
was  investigated  over  the  temperature  range  6f  0-100*. 

2.  Colorimetric  determination  of  the  molybdenum  content 
and  determination  by  the  method  of  evaporation  of  saturated  solu¬ 
tions  of  calcium  molybdate  gave  results  in  close  agreement. 


3.  The  solubility  curve  of  calcium  molybdate  is  characterized  by  an  inflection  point  (maximum)  at  a 
temperature  of  80*. 
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INVESTIGATION  OF  THE  MIXED  SULFATES  OF  THE  ALKALI  ELEMENTS  AND 


AMMONIUM 


Vikt.  I.  Spitsyn  and  M,  A.  Meeiov 


There  are  very  few  data  in  the  literature  on  the  preparation  of  mixed  sulfates  of  the  alkali  elements 
and  ammonium.  Troost  [1]  points  out  that  reaction  of  solutions  of  the  normal  sulfates  of  lithium  and  ammonium 
followed  by  evaporation  yields  the  lithium-ammonium  sulfate  Li2S0ij.*(NH^)jS04.  No  information  is  available 
about  the  behavior  of  such  compounds  when  heated. 

In  this  research  we  have  investigated  the  conditions  of  preparation  of  mixed  sulfates  of  all  of  the  alkali 
metals  and  ammonium,  and  also  the  thermal  stability  of  these  compounds. 

The  starring  materials  for  the  preparation  of  the  compounds  were  the  pyrosulfates  of  the  alkali  elements 
which  we  described  previously  [2].  Weighed  amounts  of  ir.e  pyrosulfates  in  procelain  crucibles  were  dissolved 
in  small  amounts  of  watetj  the  solutions  were  treated  with  concentrated  air-rronia  and  left  to  evaporate  in  desic¬ 
cators  over  phosphorus  pentoxide.  After  a  few  days  crystailizatibn  of  the  salts  commenced.  The  crucibles 
with  their  contents  were  removed  from  the  desiccators  and  crystallization,  was  completed  ^.n  the  at:  over  a 
period  of  9-10  days. 


TABLE  1 


Analysis  of  the  Mixed  Sulfates  of 
the  Alkali  Elements  and  Ammonium 


Compound 

SOi  content, 

found 

calculated 

L1NH4SO4 

66.22 

66.14 

NaNH^SO^ 

58.32 

58.40 

KNH4SO4 

52.59 

52.26 

RbNH4S04 

40.23 

40.11 

CSNH4SO4 

32,38 

32.41 

Determinations  of  the  SO3  content  (and  in  some  cases 
of  the  NHg)  were  carried  out  by  the  usual  methods  on  the  air  dry 
crystals.  All  of  the  isolated  salts  had  a  composition  reix^esented 
by  the  formula  MeN!H4S04,  where  Me  is  an  alkali  element.  See 
Table  1  for  the  analytical  results. 

In  the  mixed  rubidium-ammonium  sulfate  the  am-monia 
content  was  also  deteimined  and  was  found  to  be  8.25'^S»,  as 
compared  with  8.51<5b  for  RbNH^SO^. 

The  structure  of  the  compounds  remains  unclarified  since 
the  data  agree  equally  well  with  the  formulas  MeNH^SO^  and 
Me,S04-(NH4)jS04. 

If  we  assume  the  tost  form.ula  to  be  the  more  p.'obable, 
we  may  express  the  formation  reaction  by  the  following  equations; 


MejSjOy  +  1^0  =  2MeHSO^  MeHSO^  +  NHg  =  MeN^SO^. 

In  Figure  1  is  a  photograph  of  the  lamellar  crystals  of  cesium  ammoniuir-  sulfate  whach  readily  aggregate 
into  large  concretions.  (See  plate  p.  1521). 

The  thermal  stability  of  the  mixed  sulfates  was  investigated  by  heating  weigned  amounts  in  porcelain 
crucibles  in  a  drying  cupboard  or  in  an  electric  furnace  until  constant  in  weigi-f.  Analyses  of  the  final  products 
showed  that  these  were  always  the  pyrosulfates. 

The  decomposition  of  the  mixed  sulfates  evidently  proceeds  according  to  the  eo>at.oni! 

2MeNH4S04  =  MejSjOy  +  2NHsj  +  H^O. 

We  did  not  observe  the  formation  of  hydrosulfates  as  intermediate  products. 

In  Table  2  are  detailed  the  start  of  conversion  of  the  mixed  sulfates  into  pyrosxUafes,  rhe  Vi.  Id  of  the  latter, 
and  the  experim.ental  and  theoretical  contents  of  SOg  in  the  products  obtained.  These  data  indi-ate  that  the  thermal 
stability  of  the  mixed  sulfates  of  the  alkali  elements  and  ammonium  increases  in  passing  from  lithium  to  cesium. 
The  potassium-ammonium,  and  rubidium-ammonium  sulfates  have  simhlar  decomposition  temperatures.  The  most 
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TABLE  2 


Heating  of  the  Klixed  Sulfates  of  the  Alkali  Elements  and 
Ammonium 


Compound 

Initial  temp, 
of  conversion 
to  pyrosulfate 

Yield  of  MosSjOy 
from  MeNHiSQ* 

(in  ^  of  theory) 

spj  content  in  the 
final  product 

found 

calcd.  for 
MejS^O, 

LiNHjSQ* 

100-130* 

99.14 

84.09 

84.27 

NaNH4S04 

150-170 

98.59 

72.03 

72.09 

KNHitSQi 

170-190 

100.39 

62.59 

62.96 

RbNH4S04 

170-200 

99.31 

46.04 

46.14 

CsNfi4S04 

270-300 

99.78 

36.29 

36.23 

stable  of  the  compounds  piepaired  is 
cesium-ammonium,  sulfate. 

In  a  previous  investigation  we 
established  the  thermal  conditions  for 
transformation  of  the  hydrosulfates  of 
the  alkali  metals  into  pyrosulfates  [3]. 

It  may  be  noted  that  for  the  sulfates 
of  lithium-ammonium,  sodium-ammoni¬ 
um  and  potassium-ammonium  the  temp¬ 
erature  of  initial  decomposition  only 
exceeds  by  10-20*  the  temperature  of 
transition  of  the  corresponding  hydro¬ 
sulfates  into  pyrosulfates,  while  in  the 
case  of  rubidium-ammonium  sulfate 


and  mbidium  hydrosulfate  these 
temperatures  coincide.  By  contrast, 

cesium-ammonium  sulfate  decomposes  at  a  temperature  120*  higher  than  the  decomposition  temperature  of  the 
corresponding  hydrosulfate. 


In  all  cases  the  decomposition  temporatures  of  the  mixed  sulfates  lie  considerably  below  the  temperatures 
of  initiation  of  transformation  of  the  pyrosulfates  into  the  normal  sulfates.  Consequently  the  addition  of  ammonia 
to  pyrosulfates  fails  to  facilitate  the  process  of  transformation  of  the  latter  into  normal  sulfate  by  hearing. 


Just  as  in  the  case  of  hydrosulfates  [3], the  stability  of  the  investigated  mixed  sulfates  is  observed  to 
increase  with  increasing  atomic  number  of  the  alkali  elements.  This  is  clearly  bound  up  with  the  reduced 
pxilarizing  action  of  cations  with  increase  in  their  radii,  which  leads  to  weakening  of  the  contrapolarization 
in  HSO4*  or  NH4SQi*  ions. 

It  is  interesting  to  note  that  the  addition  of  ammonia  to  the  HSO^^  ion  has  no  marked  effect  upxin  the 
thermal  stability  of  the  compound.  We  may  conclude  that  the  bonding  of  hydrogen  with  the  SO4*  ion  has  the 
same  effect  upxin  the  properties  of  the  mixed  sulfate  as  it  has  upxin  the  properties  of  the  hydrosulfate, 

SUMMARY 


1.  Mixed  sulfates  of  all  of  the  alkali  elements  and  ammonium  of  the  general  compxisition  MeNH4S04 
were  prepared  by  crystallization  of  ammoniacal  solutions  of  pyrosulfates. 

2.  The  prepared  compxiunds  decompxise  on  heating  and  are  transformed  into  the  pyrosulfates. 

3.  The  tempieratures  of  this  transformation  to  pyrosulfates  increase  with  increasing  ionic  radius  of  the 
alkali  elements  and  are  close  to  the  tempieratures  of  conversion  of  the  correspionding  hydrosulfates  to  pyrosulfates. 
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SOME  TERNARY  COMPLEXES  OF  COPPER  AND  SILVER 


K.  B.  Y atsimirsky  and  V.  E.  Panova 


In  recent  times  name^ous  investigauons  have  been  made  of  the  tomiatlon  and  stability  of  socalled 
•ternary  complexes",  i.e.  complex  compoar^ds  coniaimng  various  addenda  and  one  and  me  same  central  ion. 

A.  K.  Babko  [1]  adduced  weighty  evidence  for  ihe  existence  of  such  compounds  in  the  system  copper- 
pyridine-salicylate  and  studied  their  stability.  Meltes  [2]  detected  the  complexes  [C  u^OH)^0Jand 
[Cu(OH)iCsr4]*'  and  used  a  polarographic  method  to  measuie  theli’  stability  constants  The  complexes  of 
[HgjC1j(Cj04>4]*'liave  also  been  formed  and  their  stability  measuxed[3]  Saits  of  copper  and  silver  evidently 
possess  a  strong  tendency  to  form,  rnfxcd  complexes  Salts  of  the  type  of  nCuX'mRX'F^SgOjj,  for  example, 
were  prepared  by  Rosenheim  and  Steichauser  [4],  Canneri  and  Luchini  [5],  and  others.  (In  the  foregoing 
formula  X  is  halogen  or  CNS'*,  am  R  is  a  catioh  of  ammohium  or  an  alkali,  metal).  Similar  .salts  conta.inlng 
a  silver  cation  were  also  prepared  [4], 

For  the  purpose  of  ascertaining  whether  ternary  complexes  can  exist  .n.  'Elation,  we  have  made  a  study 
of  the  solubility  of  OjI  and  CuCNS  in  Na^SjO^  solution.  It  was  cor  jecuLied  thiu  :.f  e  'I'dence  could  be  obtained 
that  the  reaction  took  place  in  accordance  with  the  following  schemes 

^'^solid  ^aq  ~  »  (^  / 

the  problem  would  be  clarified  and  an  explanatfon  obtained  of  the  phenomena  accompanying  the  solution  of 
silver  halides  in  potassium  thiocyanate  solutions  [6],  Randall  acd  Halford  [6]  drew  atte.ntion  xo  the  futility  of 
interpreting  the  results  obtained  with  the  aid  of  any  simple  assumptions. 

Thiosulfate  and  halide  complexes  of  silver  and  copper  have  been  studied  by  numerous  investigators. 

,  The  abundance  of  the  published  material  in  this  field  makes  it  impossible  to  compile  evexi  a  brief  summary  of 
the  literature.  We  shall  limit  ourselves  to  remarking  that  in  spite  of  the  large  mimbe:  of  publicatLODA  devoted 
to  thiosulfate  complexes  of  copper,  the  stability  constants  of  mese  complexes  have  never  been  measured.  On 
the  other  hand  the  stability  constants  of  the  halide  complexes  of  copper  and  silver,  also  of  the  thiosulfate 
complexes  cf  sliver,  have  been  determined  by  many  authors  [7,8,9,10]. 

EXPERIMENTAL 

As  mentioned  above,  we  used  the  solubility  method  to  rest  the  above  hypoth^esis  of  the  existence  of 
mixed  complexes  in  aqueous  solutions. 

The  choice  of  cupric  iodide  and  thiocyanate  was  dictated  by  tneir  constancy  of  composition  and  their 
ease  of  preparation.  Both  of  the  compounds  are  fonned  from  components  In  stricdy  stoichiometricai  ratios. 

They  were  synthesized  in  accordance  with  the  procedures  of  quantitative  analysts  from  •  hemicaily  pure  reagents 
(CuS04*5Hg0;  KI;  KCNS;  and  NajSjOj'bHgO.) 

The  prepared  salts  were  thoroughly  washed  with  water  and  intrcducea  in  the  moist  form  into  solutions  of 
sodium  thiosulfate.  Solution  of  the  solid  phase  was  effected  by  continuous  agitation  over  a  period  of  several  days 
until  the  establishment  of  equilibrium  in  the  system  at  a  temperatuie  of  25  +0.1®.  After  reacning  equilibrium 
the  solutions  were  analyzed  for  their  content  of  SjOl”  and  Cu'*’.  Both  of  the  ions  were  uetermined  lodiraetrically. 
The  former  ion  was  titrated  immediately  by  the  direct  or  reverse  method  (by  introducing  an.  excess  of  iodine 
and  backHitrating).  For  determination  of  Cu'*  the  solution  was  first  freed  irom  S^ol"'  by  healing  with,  cone, 

HNQj  and  the  latter  was  removed  by  evaporation  with  i%S04,  In  the  case  of  solutions  with  a  high  concentration 
of  S2OI  an  analysis  was  made  of  the  solid  phase  which  always  contained  Cu  and  CuCNS.  Reiui'  ts  a^e  prese.n.ted 
in  Tables  1  and  2. 

EVALUATION  OF  RESULTS 

On  analyzing  the  compounds  which  they  had  isolated,  Ryabchikov  and  Silnichenko  [11]  came  to  the 
conclusion  that  salts  of  the  following  types  can  be  obtained  in  aqueous  solutions:  MefCufSjOj)],  Me4[CU;(Ss03)3] 
and  Mej[Cu(S,05)i], 
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TABLE  1 


I  a:c»IZ  z 


Solubility  of  Cul  in  Solutions  of  Sodium 
Thiosulfate 


No. 

Molarity  10^  i 

LCHiL- 

mm 

Cul 

[S?c4‘] 

Total 

free 

1 

1.927 

0.372 

1.555 

4.18 

2 

3.624 

0.844 

2.780 

3.29 

3 

4.210 

0.764 

3.446 

4.51 

4 

7.029 

1.759 

5.270 

3.00 

5 

7.940 

1.856 

6.084 

3.28 

6 

8.708 

2.054 

6.654 

3.24 

7 

18.05 

4.20 

13.85 

3.30 

8 

32.54 

7.51 

25.03 

3.33 

9 

44.20 

10.65 

33.55 

3.15 

10 

53.76 

10.94 

42.82 

3.91 

Mean  value 

3.52 

Solubility  of  CuCNS  in  SoAu’-ioas  of  Sodium 
Thiosuifate 


mmsBmmmmi 

-10 

mms 

mmm 

CuCNS 

[Sgbl’]  ^ 

Total 

free 

1 

1.720 

1.383 

0.3368 

2.43 

2 

2.109 

1.690 

0.4194 

2.48 

3 

3.542 

2.772 

0.7705 

2.78 

4 

4.900 

3.935 

0.9652 

2.45 

5 

6.370 

5.065 

1.305 

2.58 

6 

7.750 

6.002 

1.748 

2.91 

7 

11.94 

9,118 

2.822 

3.09 

8 

18.41 

14.11 

4.304 

3.05 

9 

24.32 

18.19 

6.127 

3.37 

10 

33.72 

25.08 

8.645 

3.45 

11 

;  42.46 

31.45 

11.01 

3.50 

12 

j  52.x6 

33.62 

13.54 

3.51 

13 

83.23 

59.25 

23.98 

4.05 

Meii.  value  I  3.05 


However,  in  a  solution  of  copper  iodide  in  sodium  thiosulfate,  ions  of  GuSgO^,  [CugfSgO^)^/”  and 
[Cu(SjO^]*’are  apparently  not  formed.  The  impossibility  of  existence  of  the  lattei  two  ions  ioilows  from  the 
fact  that  the  formation  of  such  complexes  would  necessitate  the  combination  of  %  or  2  molecules  of  Na^SgOjj 
with  each  ion  of  copper.  In  solution,  however,  the  ratio  [NagSgOs>[Curj  never  reaches  these  values  but  always 
remains  below  1.35. 


If  the  dissolution  of  Cul  in  NagS|C)^  solution  had  proceeded  according  to  the  scheme? 

^“^lid  ~  CuSgO;  +  I ,  (II) 

then  the  solubilitv  of  Cul  in  Na^SgOg^  would  ha  ve  changed  proportionally  to  the  square  root  of  the  croncentration 
of  free  thiosulfate.  The  data  of  Table  1  show,  however,  a  linear  dependence.  These  inconsistencies  can  be 
readily  eliminated  if  we  assume  that  the  process  of  dissolution  of  Cul  in  Na«,SgOg  proceeas  accoidrrg  to  the 
equation; 

C*^Isolid  ~  ,  (Hi.) 


K.  =  3.5  +  0.5;  Az  =  —742  cal. 

The  calculated  values  of  the  equilibrium,  constant  for  reaction  (jCLI)  are  listed  in  Table  1.  Here  the 
value  of  the  constant  is  3.5  +  0.5  on  condition  that  the  aetlnty  coefficients  of  Cu.iSjjOg  and  SgOf"  ions  are 
equal.  On  the  basis  of  this  value  of  the  equilibrium  constant  we  have  calcmated  the  change  in  thermodynamic, 
potential  (Az). 


The  formation  of  the  comp]lex  ion  [CaISg05]*“  appears  to  us  mere  probable  than  the  simultaneous  existence 
in  the  solution  of  CuS^,C)^  and  l”ions  since  the  latter  m.anlfest  a  marked  tendency  to  enter  into  firm,  combination 
with  Cu'*'  and  its  independent  existence  is  im.probable. 


The  change  in  solubility  detailed  above  might  be  explicable  through  the  format.or  of  ions  of  Cu(SgOg)|“ 
and  of  Cu^  in  equi-ionic  ratios,  but  we  are  hardly  entitled  to  assume  the  absence  of  reaction  between  these  ions. 

The  equilibrium  constant  of  reaction  (HI)  is  related  to  the  solubility  product  of  GiiS  and  u  ;^e  .stability 
constant  of  the  [CuISgQjf  °  complex  by  the  expression; 


K 


..IL 


Kn 


(1) 
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where  K  is  the  equilibrium  constant  of  reaction  (Dl),  Pr  is  the  solubility  product  of  Cul,  and  is  the  stability 
constant  of  the  [CuISjOj]*"  complex.  If  we  take  the  value  of  l.l'lO"®  [13]  for  Ptcul* 


[cu*l[^l|ftoS^ 

[CuISjOjl 


a  3.1*10*“. 


On  the  basis  of  the  above  expressions  we  have  assumed  a  similar  solution  mechanism  for  CuCNS: 

CuCNSjoiid  +  S,05*  =  [Cu(CNS)S,p,f "  (IV) 

K  =  0.30  +  0.05;  Az  =  713  cal. 


The  equilibrium  constant  for  reaction  (IV)  is  given  in  Table  2,  It  is  equal  to  0.30  +  0.05.  In  this 
case,  however,  a  small  but  appreciable  rise  in  the  coniunts  Is  observed  with  increasing  Na|8|0|  concentration. 
We  might  explain  this  phenomenon  either  by  inconstancy  of  the  ratio  of  the  activity  coefficients  or  by  the 
formation  of  complexes  with  a  larger  number  of  coordinated  S|0$'  ions.  If  such  complexes  were  indeed  formed, 
then  their  concentration  -*  judging  by  the  magnitude  of  the  change  in  the  equilibrium  constant  -  must  be  low. 

The  solubility  product  of  CuCNS  is  equal  to  4*10'^  [13],  and  therefore  the  stability  constant  of 
[Cu(CNS)S,0,f  '  is 


[Cii*][CNS-][S.oS-l 

[Cu(CNsxs,o,)Pt 


=  1.3*10‘“. 


The  similarity  between  the  stability  constants  of  both  of  the  ternary  complexes  is  striking.  By  assuming 
that  the  formation  of  the  ternary  complexes  according  to  scheme  (I)  occurs  fairly  frequently,  we  find  an  explana-* 
tioii  of  the  hitherto  puzzling  data  of  Randall  and  Halford  [6],  Dissolution  of  AgCNS  in  RCNS  solution  can  only 
lead  to  formation  of  ions  of  the  type  of  [Ag(CNS)n/”".  Analysis  of  the  data  of  Randall  and  Halford  shows  that 
the  reaction  in  this  case  proceeds  according  to  the  equation; 


AgCNSjoiid  ■►3CNS'=  [Ag(CNS)4]»'.  (V) 

K  =  1.2  +  0.5*10‘S  Az  =  1255  cal. 


The  equilibrium  constant  of  this  reaction  is  found  to  be  1.2  +  0.5*10"'  (Table  3). 


TABLE  3 


Solubility  of  Silver  Thiocyanate  in  Potassium  Thiocyanate 
Solutions 


Expt. 

No. 

Molarity 

[AgCNS]  ^  ^ 

Age  NS*  10’ 

KCNS 

[KCNSf 

total 

free 

free 

1 

2.02 

0.312 

0.306 

0.029 

7.03 

2 

12.1 

0.564 

0.528 

0.147 

8.23 

3 

46.8 

0.870 

0.732 

0.393 

11.6 

4 

98,5 

1.124 

0.829 

0.570 

17.1 

- ^ 

Mean  value  12  +  5*10  * 


The  solubility  product  of  AgCNS  is 
equal  to  1.16*10"“.  Using  this  value  we  find 
for  [Ag(CNS)4]*"  a  stability  constant  of  1.0  + 

4  0.5*10"“. 

This  value  is  in  good  agreement  with  the 
stability  constant  of  Ag(CNS)^",  found  by 
Ferrell  and  oo-workers  by  the  e.m.f.  method 
[10].  For  the  [Ag(CNS)sf' complex  Ferrell  and 
co-workers  found  a  value  of  Kj^  =  1.7*10"“, 
and  for  [AgfCNSjjfa  value  of  Kjj  =  2.0*10"“. 

The  solubility  of  Agl  in  KCNS  changes 
linearly  with  the  change  in  KCNS  concentra¬ 
tion  (Table  4),  as  can  be  seen  from  the  results 
of  Randall  and  Halford.  These  results,  however, 
are  not  distinguished  by  a  high  degree  of  accuracy. 


In  order  to  account  for  the  linearity  of  the  dependence  of  the  solubility  on  the  KCNS  concentration,  we  may 
put  forward  two  reaction  schemes; 

ARlsoiid  2CNS"  =  (Ag(CNS),]‘4  If 
A^solid  +  [AglCNS]-. 

K  i.2  +  0.7-10"‘S  Az  =  5345  caL 

Scheme  (VI)  proposed  by  the  authors  is  hardly  probable  on  two  grounds;  Firstly,  it  is  difficult  to  accept  the 
possibility  of  displacement  of  iodine  ions  into  the  outer  shell  by  the  less  firmly  bound  thiocyanate  ions;  secondly,  the 


(VI) 

(VH) 
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calc»ilation  of  the  stibUi-3"  consult  of  [A,g(GNS)^]  ic-.aoid'jr.®  to  scberre  (vX)  gives  a  value  os  the  older  of  10  \ 
which  is  inconsistent  with  the  data  pieseatea  above.  Galoulatioo  of  the  equiL.brit'Js?  constant  of  react-on  (  Vhl', 
leads  to  a  value  of  1.2  +  0.  >10“'^.  The  stability  constant  of  [AglSCNS]  caiCuiated  on  this  basis  Is  equal  to 
7.1*10*'®  =  8.5*10  This  restit  is  in  good  accoid  with  iiterata.e  data  fo:  complexes  of  the  [AgX^]^  '^- 

type  wldi  iodide  and  thi.ocyanate, 

S.  }!.  hurmisticv  directed  our  attention  to  the  fact 
that  in  the  case  of  dissolution  of  A^r  in  KCNS  the  solid 
phase  must  be  silver  thiocyanate  a  id  not  bromide  (or  the 
baats  of  the  ratio  of  the  ssoiability  productc).  Our  exper> 
ments  showed  indeed  that  in  this  case  AgCh*S  is  piecipitatea, 
so  that  all  the  data  of  Randal?  ^nd  Halford  relatir^  thereto 
are  erroneo  is. 

In  conclusion  we  may  point  out  that  the  fairly  old, 
data  of  yalenta  [12]  on  the  solubiliry  of  silver  halides  in 
.sodiun:>  thiosulfare  soj.ations  confiLiri  our  theory  that  the 
reaetionc  do  no:  proceed  ac'o.iding  to  the  equation; 

AgX^Qj,^  t!-  s^dj*'  AgS,,C%  s>  x‘'  (¥1)1) 

but  according  to  the  equation: 

AgX^.^j,^  +  Sf^Og  “  [AgXS^Oei]'  .  (iX) 

A  third  possibility  of  formation  of  complexes  of  the  type  of  [Ag^  SoOg)^)]^'  when  d.issolving  silver  rhiorids 
!»n  sodium  thiosulfate  solutions  is  excluded  by  tf.e  fac',  that  the  ratio  of  ff  e  concentration  of  sodinrr  miosulfa«^e 
to  the  concentration  of  dissolved  silver  chloride  never  reaches  a  value  of  2. 

Scheme  vni  is  rather  improbable  because  the  so.iubiLity  changes  linearly  with  increasing  concentration 
of  sodium  thiosulfate  and  not  in  proportion  to  the  square  root  of  this  concent. a tion„  Furthermore,  the  calcuiation 
of  the  stability  constant  of  the  AgSgOg"*ion,  starting  from  the  solubility  of  AgC'i,  AgBr  and  Agf,  leads  to  tr^ee 
different  results,  namely; 

0.7*10"*,  2.0*10'"®  and  1.1*10*'^. 


TABLE  4 


Solubility  of  Silver  5odide  in  KCNS  Solutions 


Expt. 

Molarity 

[KCNS] 

No. 

Ag!»10^ 

KCNS 

total 

free 

1 

0.20 

0.202 

0.202 

0.99 

2 

0.14 

0.315 

0.315 

0.44 

3 

0.67 

0.425 

0.425 

1.57 

4 

0.51 

0.500 

0.500 

1.02 

5 

0.40 

0.608 

0.608 

0.66 

6 

0.97 

0.710 

0.710 

1.36 

7 

1.46 

0.765 

0.765 

1.91 

8 

1.63 

1.009 

1.008 

1.63 

Mean  value  1,2±  0,7*i0'^ 


Consequently  ail  the  data  support  the  scheme  Df.  The  equilibrium  cc:<stants  and  the  changes  in  free 
energy  have  the  following  values; 


AgCijQiid  AgClSfiOl;  K  -  2,2  +  0.4|  Az  « -466,6  cal, 

AgBriolid  +  S|,0|"*  [AgBrSgQaf  %  K  «  0.8  +  0,2|  A*  »  132,1  cai, 

AgljoUd  +  S,0|"  «  [AgZSgOj?*’.  K  »  3.2  ♦  0.2»10"^|  ^  »  2038  c*l. 
Below  tie  given  the  stability  conitants  calculated  from  the  piecedfjig  aatai 


[AghEcrifio^n 

tA»Cl%4T 


-  0.7*10'"“| 


[AgBrSgC 


™  4.1*10"®; 


2.7»i0‘'^. 


Ail  of  the  considerations  put  forward  above  support  the  assumption  that  ternary  complexes  are  formed 
fairly  frequently.  The  necessity  for  their  investigation  has  been  clearly  revealed.  We  may  add  that  in  the  light 
of  the  ideas  here  deveioped,  great  caution  should  be  applied  when  making  calculations  of  me  equilibria  between 
a  precipitate  and  a  solution  containing  complexin.g  ion^. 


SUMMARY 

1.  it  has  beer-  established  by  an  analysis  of  our  experteental  data  ana  of  the  data  of  other  workers  that 

when  halides  of  Joppf=_  (ji)  and  silver  dissolve  in  thiosulfate  solutions,  mixed  complexes  of  the  type  of  [MeXSgO^f"" 
are  foaTied. 

2.  The  solubility  of  Cuf  and  CuCNS  in  thiosulfate  soluh.ons  was  measured  at  various  temperatures  and 
caiculattons.  were  m£de  of  ine  stability  constanti  of  the  resultant  [GulSyOgf  *"  and  [Cu(Ch!S)SyOgf  “ions;  the 
respective  values  were  3.1*10"®  and  1.3*10“®. 
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3.  On  the  basis  of  literature  data  for  the  solubility  of  silver  halides  in  diiocyanate  and  thiosulfate 
solutions  the  stability  constants  of  the  following  ions  were  calculated;  [Ag(CNS)4]*“,  [AglCNSH  [AgClSjOjif  , 
[AgBrSjOjf,  [AgISjOgf-, 
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PHYSICO-CHEMICAL  INVESTIGATION  OF  THE 


PHOSPHORUS  TRICHLORIDE-BROMINE  SYSTEM.  H. 


Ya.A.Fialkov  and  A.  A. Kuzmenko 


An  Investigation  of  the  PCl|-bromine  system  by  the  method  of  thermal  analysis  [1]  revealed  the  formation 
of  two  compounds:  PCl3Br4  (orange-red  prisms  melting  at  37.5*)  and  PCl^Bru  (long  cherry-red  needles  melting  at 
24.5*).  Both  of  these  compounds  were  obuined  in  the  pure  state.  They  proved  to  be  fairly  strong  electtolytev  the 
specific  electric  conductivity  of  these  complexes  in  the  fused  state  at  45-65*  is  of  the  order  of  10*^  ohm'^cm'^. 

Consideration  of  the  mechanism  of  formation  and  chemical  nature  of  these  chlorobromides  of  phosphorus 
led  to  the  suggestion  that  PCl^r^  and  PCl^r^  are  polybromides  -  isoducts  of  addition  of  bromine  to  initially  formed 
PCl^^.  In  this  connection  it  was  conjectured  that  in  the  system  PCl|-btomine  may  be  formed  not  only  PCl^r^  and 
PClsBrjg  but  also  other  chlorobromides  with  different  amounts  of  bromine  (^4  and  ^  <18),  whose  existence  for  some 
reason  or  other  was  not  manifested  on  the  fusion  diagram. 

The  aim  of  the  present  investigation  was  to  continue  the  foregoing  work  in  order  to  obtain  a  deeper  insight 
into  the  characteristics  of  these  complex  compounds,  and  also  in  order  to  obtain  further  evidence  for  the  proposed 
mechanism  of  formation  and  for  the  nature  of  these  higher  phosphorus  halides. 

For  the  purpose  of  determining  the  composition  of  the  complex  in  the  liquid  phase  the  viscosity  of  the  sys¬ 
tem  PCl^rg  was  studied.  In  addition,  electrochemical  Investigations  were  made  of  these  complexes  in  organic 
solvents. 

Viscosity  of  the  System  PClg-Stg 

The  viscosity  was  determined  with  the  help  of  the  apparatus  and  method  described  in  the  paper  by  Ya.A. 
Fialkov  and  IJ3.Muzik  [2]  with  the  sole  difference  that  all  the  tubes  through  which  air  passed  were  fitted  with  cal¬ 
cium  chloride  tubes  since  the  investigated  system  is  extremely  hygroscopic. 

The  solutions  for  the  viscosity  measurements  were  i^epared  as  follows:  an  exact  amount  of  bromine  was 
weighed  into  a  small  conical  flask  which  could  be  closed  with  a  groutui-glass  stopper;  a  50  cc  separating  funnel,  on 
which  was  placed  a  rubber  stopper  which  formed  a  good  fit  on  the  flask,  was  weighed  separately.  Into  this  separating 
funnel  was  weighed  a  quantity  of  PClg  sufftcient  to  give  a  solution  of  a  definite  concentration.  The  separating  funnel 
was  then  attached  to  the  flask  with  the  help  of  the  rubber  stopper.  The  flask  was  stood  in  cold  water  (the  reaction 
between  PClg  and  bromine  is  accompanied  by  considerable  evolution  of  heat)  and  PClgwas  run’dropwise  into  the 
bromine.  The  funnel  was  then  lifted  off  and  the  flask  closed  with  the  glass  stopper.  The  mixture  was  shaken  for 
several  minutes  and  then  transfened  to  the  viscosimeter. 

Viscosity  measurements  were  performed  at  temperatures  of  25  and  40*.  The  thermostat  was  a  5-liter  bath 
filled  with  water.  Temperature  variations  did  not  exceed  ±.  0. 1*.  The  liquid  existed  in  the  supercooled  state  at 
concentrations  exceeding  25  mole'gfc  at  25*. 

The  specific  gravities,  required  for  the  viscosity  calculations,  were  determined  in  a  pycnometer  with  an 
expansion  in  the  upper  part  of  the  capillary.  Viscosities  were  determined  on  the  identical  solutions  whose  viscosi¬ 
ties  were  to  be  measured. 

The  viscosity  and  specific  gravity  data  are  given  in  Table  1  and  Figure  1.  On  this  diagram  the  fusibility 
curve  of  the  same  system  is  shown  for  comparison. 

The  absolute  viscosity  was  calculated  from  the  expression; 


dt 
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TABLE  1 


Viscosity  of  the  System  PClj— Btj 


PC13 

(mole 

4) 

Tf  (in  centipoises) 

|d  -  specific  gravity 

25* 

40* 

25* 

40* 

Br 

1.305 

1.131 

3.118 

3.065 

1.31 

L439 

- 

1  3.125 

- 

6.24 

2.345 

- 

;  3.138 

- 

10  45 

3.458 

3.26S 

3.142 

3.123 

12.21 

5.882 

4.147 

3.145 

3.112 

14.31 

8.491 

5.608 

1  3.128 

3.096 

17.07 

12  .722 

7.50a 

3.066 

3.032 

20.03 

13.061 

7.719 

3.032 

2.997 

23.49 

13.015 

7.580' 

2.961 

2.924 

24.71 

12.624 

- 

2.921 

- 

27.22 

11.058 

6.329 

2.846 

2.809 

28.92 

11.014 

6.371 

2.850 

2.815 

33.33 

11.734 

6.793 

2.874 

2.839 

where  iii  fs  the  absolute  viscosity  of  water  at  the  tempera¬ 
ture  of  measurement  [3],  dig  and  t«  are  the  specific  gravity 
and  period  of  efflux  of  water  [3],  d  and^are  the  specific 
gravity  and  period  of  efflux  of  the  Investigated  system. 


The  table  and  diagram  show  that  the  viscosity  iso-  Fig.  1.  Diagram  of  the 

therm  of  the  system  PClg  -Br*  is  characterized  by  a  flat  max-  end  viscosity  of  the  system  PClf—STf 

imum  whose  position  does  not  change  with  rising  temperature. 


The  maximum  viscosity  is  at  a  concentration  of  20  mole  <7o  PCI*,  which  corresponds  to  the  formation  of 
the  complex  compound  PCl|Br|, 

With  further  rise  of  concentration  (above  20  mole  °}o)  the  viscosity  isotherm  at  first  descends  smoothly  and 
then  more  abruptly,  reaching  a  minimum  at  27-28  mole  ^  PC1|.  after  which  it  rises  until  the  content  of  PClf  is  33 
mole  and  layer  separation  occurs  [1], 

The  viscosity  of  fused  PCl|Br4,  i.e„  the  viscosity  of  the  system  PClf-Bri  at  a  PC1|  content  of  33  mole  % 
was  measured  in  the  following  mannert  excess  of  PC1|  was  added  to  bromine  until  stratification  occurred,  After 
crysuUization  of  the  lower  layer  (PCl|Br4),  tlw  upper  layer  (saturated  solution  of  PCliPt^  in  PC1|  which  had  a  con- 
sum  viscosity)  was  poured  off,  and  the  reaction  vewel  (a  test  tube  drawn  out  at  several  places)  was  sealed  and 
placed  in  the  upturned  position  for  a  period  of  days  until  the  liquid  was  completely  filled  with  crystals,  The  part 
of  the  test  tube  conuinlng  the  crysuls  was  deuched,  the  crysuls  were  fused  and  their  viscosity  measured  at  26'' 

(in  the  supercooled  sute). 


Electric  Conductiyity  of  Solutions  of  Phospho rus  Chlorobrpmfdep 
in  Organic  Solvents 

It  had  been  observed  when  measuring  the  electric  conductivity  of  PCl|Br4,  PCl^tf  and  PCliBtn  in  the  fused 
sute  [1]  that  their  conductivity  increases  with  increasing  Br  content;  with  rising  temperature  the  conductivity  at 
first  rises  and  then  fairs. 

Sinr  e  these  conductive  complexes  are  thermally  unstable,  it  may  be  suggested  that  their  thermal  dis¬ 
sociation:  _  _ 

PCl3(Br2)n-i  +  Brj***  ±5  PClj  +  nBfj, 

leading  ultimately  to  nonconductive  substances  (PC1|  and  Brj),  decreases  with  Increasing  bromine  content. 

For  the  purpose  of  further  examination  of  this  phenomenon,  we  decided  to  study  the  electric  conductivity 
of  PClsBt^,  PCl^rg  and  PClgBr^g  in  an  organic  solvent  (nitrobenzene) 
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TABLE  2 

PCls^i^  -  N:'io- 
benzene  Sysiem 

PCljjBrj'Specific 
(mole  electi’.c 
^o)  conductiv’*:^ 


Microbe TT/.eae  was  se  ectetl  bec.a;:se  it  is  a  good  solvent  for  the  complexes  in  ques¬ 
tion  and  fo  ms  conductive  solutions;  also  jt  ts  adequately  stable  in  presence  of  the  phosphorus 
ctiio’'ct)!om!.des  (u  is  nor  b’oiT..,inateci  by  them  under  the  expeiimenial  conditions).  The 
Pt.ijor^  and  PCl^brji,  weie  prepaied  as  described  in  the  pievious  paper  [1];  the  PClsBfg  was 
piepaied  by  mixing  pc.i§  and  biomine  in  stoichiometrical  pioportions. 

The  specific  electric  c'ondyctivjty  of  all  of  the  solutions  was  measured  at  20+  0.1°.  Re- 


1.36 

1.07 -lO'^ 

suits  appear  in  Tables  2-4  and  in  Figure  2. 

3-75 

2  48-10^ 

The  ej.ee  fie  conduc  tivity  of 

5.33 

2  90  -lor* 

sol  itjons  of  PC'^t^  and  PtCijjBtg  I’ses 

6.41 

5  47-lflr^ 

rapid.'.y  with  increasing  concenf  ation 

X'lb 

7.63 

6,49"  10® 

(thus  IS  paiticularly  cop.spicuou'  in 

52J- 

13.49 

1.05-10* 

PC  iflCiij,  solution),  and  then  slows 

1 

i 

14.53 

1.15-1(T* 

down  ujit.ii  values  of  the  order  of 

24  60  j 

1.4910* 

i O  'c-r  m  \  m  *  a^e  ebtaired.  The 

36  53 

1.31-10* 

e]ec.ti:.o  cofid».«  livtty  of  PCilgBr^g 

41.21 

2  IMO* 

soldi  ions  also  incr  eases  with  the  con  * 

48.77 

5.  43  -10* 

cent.rat.ion  but  re.Jaavely  slows,  and  ir- 

49.01 

2  54-10* 

tne  f  oncentration  reg.ion  of  mote  than 

u 

55  60 

2.86  10® 

53  mole  <^0  it  even  fails  off  slightly.  A 

61.60 

Part  of  sarr  - 
pie  did 
d.tssolve 

C‘)mpar.t;so.c  of  the  data  of  Tables  2  4 
and  of  the  isotherms  shows  that  in 
general  the  electric  coaduciivity  of 
the  fivestigated  solutions  incieases  .in 

30 

12 

TABLE.  3 

PClgBrg—  Nitrobenzene 

System _ _ 

PClgBr^’  Specific 
(mole  electt’c 
iconducti  v‘  t> 


2.76 
6.05 
16.02 
23.43 
33  68 
40.56 
50  41 
55.06 
83.3.1 
100.0 


1.41 -10 
4.80*.  0‘ 
1.35-10* 
3  .89-10* 
2.49-10* 
2  67-10^ 

3  23-10* 
3.41.10* 
i.  03-10 '• 

4 


-Be  order  PC:.u.^r^  <  Pf.isBrg  <  PCli^B',^. 
i  rt  a  ialogv  with  the  behavior  of  these 
s>ibstanees  in  the  fused  state. 

Meas'iiements  weie  also  maae  of 
the.  electric  condu.i^’ivity  (at  some  con.- 
c  entiations)  of  P(Ll33i4  in  acetoniuile 
m  oidei  to  establish  the  order  of  magn'- 
ti.de  of  the  conductivity.  Such  solutions 
aie  i.onsiderably  better  conductors  than 
the  nitrobenzene  solutions  espec.tally  m 
the  regt.on  of  lovr  concentrations. 


F.igiue  2.  Specific  electicic  corductmty  of 
nitrobenzene  solutions  of  PClgBr..;,  PClj^r,, 
and  PClgBrje. 


TABLE  4 

PCl^Brj.,—  M’t'obenze.ie 


PCl^Sr^  Spec  if. tc  elec  trie 

(mole  °h)  conductivity 

2.48  9.28*10  ** 

5.52  2.08-10* 

10.23  3.38*10'^ 

Benzene  soluttoiis  of  .Pi'  l^Br.^,  P(  'sBcg  aro 
do  not  conduct  e.le<  t,»’ic’tv,  nor  d'l  t>-e 
soiutrons  in  CCI4  and  CS^i. 


PClgPrip 

(mole 

!  Spec;  he 
electitc 

conduct-v  ry 

n,',  dissolving  these  cumpieAes  in  ioluene 
a •'■3.  a.'etone  a  v.iolent  broininafon  reaction 
a.i«es  place,  accompanied  by  evolut'on  of 

6-46 

10  76 

1  02-:i0^' 
i. 67-10^ 

gases. 

V  e  a  s  1 1  e  m  e,  n  t  of  the  E  •  e  c  t  r  1  C  0  ti  • 

16.25 

2.41-10* 

du^  t  iyitj^oi  the  S  v  s ie m  PC  i^— 

30.79 

3  87-i6‘ 

n  .  ^  in  TsiT  (  r 0 b e  ••  2  e  n e 

39.77 

4.56-10 

50.12 

5  08-10* 

These  measurenAents  we.'.e  pe  fcj.Tued  for 

56.24 

4.32-10"^ 

■  re  pu  pose  of  supplemenrng  the  tiiregoing  in- 
vestrgaiions  of  nitrobenzene  sola’ ions  of  PCljJB 

Fig.  3.  Spec,  f’c  elect.c:*c  conduc 
tivity  of  the  system-  PCLf 
in  luttobePi  e.ne 


l 
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(ind  other  complexes  and  with  the  special  aim  of  establishing  which  of  these  chlorobtomides  predominates  ir  niiio- 
befi^iene  solutions  of  the  svstem  PClj— Btj  containing  various  ratios  of  the  components. 

In  order  fo  ensoie  that  these  measurements  should  give  results  approximating  to  those  of  physi.co-chemicai 
analysis  we  used  the  method  of  Ostiomyslensky  [4],  Job  [5],  i.e,,  we  prepared  equirnolecular  solutions  of  PCig  and 
bromine  in  rtitrobenzene  and  for  each  experiment  we  took  that  number  of  milliliters  of  these  solutions  which  resul¬ 
ted  only  in  a  change  in  the  ratio  of  PC1|  to  Bij  while  the  total  number  of  moles  remained  constant.  Since  the  solu  ” 
tions  of  PClj  and  bromine  in  nitrobenzene  (taken  separately)  do  not  conduct  electricity,  we  could  utilize  direct 
experimental  data  for  graphical  representation  of  the  results  of  measurements  (i.e,,  without  determining  deviation!! 
from  additivity). 


The  results  of  these  measurements  are  presented  in  Table  5  and  Figure  3.  TABLE  5 


The  results  of  these  experiments  strengthen  the  supposition  that  phosphorus 
trichloride  combines  with  bromine  In  nitrobenzene  solutions  to  form  phosphorus 
cblorobromtdes.  The  maximum  on  the  electtoconductlvity  Isotherm  corresponds 
to  a  region  of  concentiailons  very  close  to  the  composition  of  the  complex 

We  may  conclude  fiom  tliese  data  that  when  the  phosphorus  chloiobrom- 
ides  dissolve  in  nitrobenzene  they  dissociate  with  cleavage  of  pert  of  the  btomine 
and  an  equilibrium,  as  represented  in  the  schema  on  p.  1336  is  established. 

F 1  e  c  1 1  o  1  y  ijjo  f  Nitrobenzen  e  Solutions  of 
PC  l^Bt^  ajnd  PC^iBrxp 

-  An  experimerital  study  was  made  of  the  ionic  transfer  in  nitrobenzene 
solutions  of  PC  l^r^  and  PCl^Btn  in  order  to  investigate  the  nature  of  the  ions 
into  which  these  complexes  dissociate. 

The  form  of  the  vessels  used,  the  working  procedure  and  the  analytical 
mettods  were  des«-;rlbed  in  a  previous  paper  [6], 

The  d’lration  of  electrolysis  was  1)  4  hours  and  2)  6|  hours;  the  current 
strength  was  1)  4.5  A  and  2)  15  A.  During  electrolysis  the  color  of  the  anodic 
liquid  gradually  darkened,  but  the  cathodic  liquid  became  considerably  lighter  in  color. 


ElecKio  Conductivity  ol  the 
System  PCia-Br,  in  Nitro¬ 
benzene  , 


Ratio  of  vol¬ 
umes  (mi)  of 
solutions  of 
Btf  and  PC1», 

Specific 

electric  con¬ 
ductivity  at 
20“ 

9.5!.0.6 

3. 6b- 10'*' 

9.3:0.7 

a.77-:i0’^ 

9  0:1.0 

e.ia-iO'’* 

8.5:1.6 

9.85^10^ 

8.0;2.0 

7.5:2  6 

l.i3‘10‘* 

7. 0:3.0 

1.17*10** 

6.S:3.b 

i.is-io"* 

6.0:4.0 

l.ll'io"* 

5. 0:5.0 

l.ll-lO'* 

4.0:6.0 

S.ll-iO’^ 

The  results  of  these  experiments  are  shown  in  Tables  6  and  7. 


TABLE  6 

Electrolysis  of  the  PCl|Br4-C(jH5NO|  System 


PCljBr^  lEiemcnt 

Catholyte 

Anolyte 

(Wt  ofc)  '  derei- 

Theoretical!  Found  after  ]  Difference 

Theoretical 

Found  a  fterj  Difference 

1  mined 

(g) 

electrolysis 

(g) 

(B) 

electrolysis;  (g) 

i 

(8)  ^ 

.  . .  . 

n  3r  .. 

1 

0.6956 

0.4828 

“0.1128 

0.6911 

0  8018  +  0  1108 

9.66  « i  Cl 

•  t 

0  1981 

0.2708 

+  0.0727 

0.2298 

0.1543  -0.0755 

Li  P.  ... 

0  0578 

0  0756 

+  0,0178 

0.0631 

0  0452  1-0.0179 

TABlF  ’ 

Electxolv?!’:  nf  ri,e  PC  iVii‘'obenzene  System 


PC  1,^1,  g 
(WT.^) 

lE'iementj 
■  dete-:  j 
'  mned 

I 

c 

rheoieticall 
1  (B) 

atholyte 

FouiSl  after  j  Difference 
electrolysis  j  (g) 

(B)  1 

Theoretical 

(B) 

Anolyte 
Found  after] 
elecuolysis 

(g.) 

1  Difference 

(g) 

■ 

'-5.28  - 

! 

■  '<’• 
i  Cl .. 
i  p 

1.0424 

0.0962 

1  0.0314 

0  8136  j-  0.2288 

0.1539  j  +  0.0577 

0.0545  1+  0.0231 

1.3099 

0.1201 

0.0393 

1.5304 

0.0599 

0.0164 

+  0.2205 

-  0.0602 

-  0.0228 

On  calculating 
the  ratios  in  which 
phospf^oius  and  chlo  ■ 
rlne  migrate  to  the 
anolyte,  we  find  that 
each  atom  of  pnospno  ■ 
rus  corresponds  to  the 
following  numbers  of 
gram  atoms  of  chlor ' 
ine:  3.6  (in  experi¬ 
ments  with  PC  1^1  a) 
and  2.3  (in  experiments 
with  PCij^ijs).  The 
corresponding  figures 
for  bromine  are:  2.5 
(with  PClgBi;^  and  4.8 
(with  PClsBiig). 

The  smaller 
amount  of  bromine 
transferred  to  the  ano¬ 
lyte  is  evidently  due 
to  partial  decompo¬ 
sition  of  the  com.- 
plexes  in  nitrobenzene 
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solution,  this  p.ocess  being  accompanied  by  cleavage  of  part  of  the  bromine  content,  in  consequence  of  which  the 
investigated  solutions  actuaiiy  contain  complexes  whose  bromine  content  is  lower  than  would  correspond  to  their 
composition  in  the  solid  state.  Furthermore,  if  we  start  from  the  general  formula  which  we  suggested  for  these  com¬ 
plexes,  [PCl36r][Br(Big)j5],  then,  part  of  the  bromine  must  migrate  to  the  cathode  in  the  form  of  a  complex  cation, 
and  this  would  also  slightly  reduce  the  quantity  of  bromine  in  the  anodic  portion  of  the  solution. 

EVALUATION  OF  THE  RESULTS 

Compa.ving  the  results  of  investigation  of  the  system  PCi8— Brj  with  the  experimental  data  presented  in  the 
first  communication  [1],  we  must,  first  direct  attention  to  the  disagreement  between  the  results  of  thermal  analysis 
and  of  determination  of  the  viscosity  of  the  system. 

The  f'lsion  diagram,  of  the  system  PC;lg“Brg  revealed  the  formation  of  two  complexes —PCljBr^  and  PCliPrig. 
These  investigations  failed  to  reveal  the  existence  of  PCljBrg  which  has  been  mentioned  in  the  literature  [7],  In  the 
cone  entratifln  region  (20  mole  °]o  PClj)  corresponding  to  this  complex  we  found  on  the  fusion  diagram  a  eutectic  with 
m.p.  15.1-15.5*.  On  the  other  hand  the  change  in  viscosity  points  to  the  existence  of  the  complex  PCl^rg  in  the 
liquid  phase.  The  flat  maximum  is  evidence  of  the  instability  of  this  complex. 

A  similar  type  of  phenomenon  has  been  noted  in  the  literature,  mainly  in  the  papers  of  N.S.Kuinakov  and 
his  CO  ivorKers.  For  example,  Kurnakov,  Krotkov  and  Oksman  [8]  investigated  the  system  SbBtg— (CfH|)XH  and  found 
on  the  viscosity  isotherms  a  maximum  which  did  not  change  with  the  temperature,  and  on  the  fusion  diagram  only 
one  eutectic,  the  viscosity  maximum  corresponding  to  the  concentration  region  close  to  the  eutectic  composition. 

Analogous  observations  were  made  by  A. Vinogradova  and  N.Efremov  [9],  and  by  A. Tikhomirova  and  N. 
Efremov  [lOj  in  examining  the  systems  phenol  —methyl  (or  dimethyl)  aniline  and  phenol  —ethyl  (or  diethyl)  aniline. 

The  absence  of  a  maximum  on  the  fusion  diagram  can  be  accounted  for  by  the  unfavorable  conditions  of 
crysta.ilization.  of  PClgBrg  in  the  viscous  medium. 

Our  experiments  actually  showed  that  the  viscosity  of  the  system  PClg  -Btg  at  a  content  of  20  mole  ^  PClg 
(at  25*)  i>  nearly  ten  times  higher  than  the  viscosity  of  bromine.  The  viscosity  isotherms  of  the  system  PClg— Brg 
aie  fur»;her  characterized  by  the  following  features;  a)  The  temperature  coefficient  of  the  viscosity  is  low  at  first 
but  increases  with  the  PClg  concentration  and  reaches  a  high  value  in  the  concentration  region  coinciding  with  the 
viscosity  maximum,  which  provides  further  confirmation  of  the  existenc  e  of  the  complex  PClgBrg  in  the  liquid  phase, 
b)  A  minimum  is  observed  on  the  viscosity  isotherms  in  the  region  of  27-28  mole  °lo  PClg,  following  which  the  vis¬ 
cosity  increases  continuously  up  to  the  point  of  stratification  of  the  system  at  a  content  of  33  mole  ^  PClg,  which 
co.rresponds  to  the  complex  PClgBr^,  and  then  the  viscosity  of  the  lower  layer  (fused  PClgBr^)  becomes  constant.  Con¬ 
sequently  the  viscosity  isotherms  reflect  the  existence  of  this  complex  in  addition  to  that  of  PClgBrg. 

The  fact  that  the  viscosity  isotherm  does  not  reflect  the  existence  of  PClgBrg  can  be  ascribed  to  partial  dis¬ 
sociation  of  the  complex  in  the  liquid  phase  or  to  the  general  phenomenon  that  in  the  case  of  some  complexes  ex¬ 
isting  in  the  liquid  i^.ase,  only  those  that  are  more  stable  under  the  experimental  conditions  are  usually  reflected 
on  the  visco.sity  diagram. 

The  measurement  of  the  visc  osity  of  PClg—Brj  has  thus  supplemented  our  earlier  results  by  showing  that  the 
existence  of  still  another  complex  is  possible  in  the  liquid  phase.  The  formation  of  the  phosphorus  chlorobromldes 
of  the  general  fonnula  PClg’(Br2)^,  discussed  in  this  paper,  may  be  considered  to  proceed  in  the  following  manner; 
during  the  action  of  bromine  on  PClg,  oxidation  of  the  latter  first  takes  place  to  the  accompaniment  of  addition  to 
it  of  one  mole  of  bromine  and  the  loimation  of  the  simplest  chlorobromide  of  this  type  —PCl^rg.  • 

When  PClgBrg  .leacs  witn  ext  ess  of  bromine  the  former  behaves  like  a  halide  of  pe.ntavalent  phosphorus.  As 
we  know,  PC;lg  and  PB^  are  capable  of  adding  on  bromine,  when  the  complexes  PClg-5Brg  [11]  and  PBrg*  (Brg)ii  are 
fotmed,  n  being  equal  to  1,2  and  6  [12], 

It  may  be  assumed  that  the  penta  valent  phosphorus  in  this  reaction,  just  as  during  interaction  with  iodine 
halides  [6],  is  polarized  according  to  the  scheme  PXg-*-  [PX4]X;  the  anion _X  in  the  outer  shell  coordinates  the  mol¬ 
ecules  of  halogens,  iodine  and  chloride,  iodine  bromide,  etc.,  which  simultaneously  strengthens  the  structure  of  the 
complex  with,  the  halogen  substituted  phosphonium  cation. 

*  As  stated  in  the  literature  [13],  this  compound  is  extremely  unstable  and  only  exists  at  low  temperatures.  It  de¬ 
composes  when  heated.  Its  instability  is  associated  with  stratification  of  the  system  PClg— bromine  when  the  PClg 
content  ext:eeds  33  mole  <7o. 
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On  the  basis  of  the  preceding  hypothesis,  the  following  scheme  may  be  advanced  for  the  reaction 
of  PClj  with  bromine,  it  being  assumed  that  the  excess  of  bromine  adds  on  to  the  bromine  anion  of  the  oute:^ 
shell; 

PCi,-i-5V  pci^,  — ►[PCl^r^r  [PCl,Br][Br(Br^n]. 

The  magnitude  of  n  may  vary  from  1  to  8. 

Consequently  the  simplest  of  these  polybtomides  is  [PCl^r][Br(Br2)]  or  PCl^r^,  while  the  most  complex  is 
[PCljPr][Br(Brj)J  or  PCl^ru. 

The  results  of  experiments  on  the  migration  of  ions  in  nitrobenzene  solutions  of  the  system  PClj-Stg 
generally  confirm  the  above  structure  of  these  phosphorus  chlorobromides.  The  relative  thermal  instability 
of  these  complexes  is  consistent  with  the  assumption  that  various  intermediate  forms  between  PClgBr^  and 
PCl|Brj5  can  exist  in  the  fused  state  or  in  solution.  It  is  to  be  hoped  that  these  diverse  complexes  (with  various 
magnitudes  of  n)  will  also  be  isolated  in  the  crystalline  form. 

Although  these  phosphorus  chlorobromides  are  relatively  unstable,  they  do  not  undergo  complete 
decomposition  into  the  original  PCl^  and  Br^  when  fused.  The  fused  complexes  have  a  high  electric  conductivity 
which  first  rises  with  the  temperature  and  then  (starting  from  45-50*)  falls  off.  On  the  other  hand,  PClg  and 
bromine  in  the  free  state  do  not  conduct  electricity  at  all. 

The  fact  that  the  electric  conductivity  of  the  phosphorus  chlorobromides  increases  in  the  order  of  PC1^]>-^ 
PCl^f4*Cl^rjj^  i,e.  with  increasing  bromine  content,  may  be  explained  by  the  shifting  to  the  left  of  the  equili¬ 
brium  of  dissociation  of  these  complexes; 

PClj{BiC|)0-<-^PCly(Br|)jj.|  +  B^  •  •  *  *-  PClj  +  nBig. 

SUMMARY 

1.  The  viscosity  of  the  system  PCl^-B^  was  measured  at  25  and  40*  when  a  maximum  was  found  at 
20  mole  •fa  PClg,  corresponding  to  a  complex  of  the  composition  PCl^rg,  Two  other  complexes  PCi^Br^ 
and  PCigBrif  —  are  indicated  on  the  fusion  diagram  of  this  system. 

2,  The  electric  conductivity  of  these  complexes  in  nitrobenzene  solution  increases  with  the  concen¬ 
tration,  atuining  values  of  die  order  of  10**  ohm'Vim*^,  and  also  increasing  in  the  order  PCl^r^  <  PCl^fiirgX 

3.  Measurement  of  the  electric  conductivity  of  the  system  PClf4%  in  nitrobenzene  by  the  method 
of  isomdlar  concentrations  (method  of  Ostromyslensky  and  Job)  revealed  die  formation  of  inroduots  of  addition 
of  bromine  to  PClg,  widi  PCl^i(l  as  the  most  inobable  composition, 

4,  By  means  of  die  method  of  ionio  migration  it  was  shown  that  the  structure  of  these  phosphorus 
chlorobromides  can  be  expressed  by  die  following  general  formulai  [PCl|Br]pir(B^)n]i  On  the  basis  of 
thermal  analysis  of  die  system  PCl^-lij|  and  of  invesUgatlons  of  the  synthesis  of  chlorobromides,  we  may 
assume  dut  n  ranges  between  1  and  8,  which  conesponds  to  the  series  of  complexes  starting  from  PCl^ts 
and  finishing  at  PCl^tig, 

In  their  chemical  nature  these  complexes  may  be  regarded  as  polyhalides  of  tetracidophosphonium 

cations. 
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OXIDATION  POTENTIALS  OF  HYPOCHLORITE  SOLUTIONS 


W.  P.  Nikolsky  and  I.  E.  Flis 


The  oxidizing  ability  and  the  character  of  the  oxidizing  action  of  hypochlorites  depend  in  large  measure 
upon  the  activity  of  the  hydrogen  ions  in  their  solutions. 

The  dependence  of  the  oxidizing  properties  on  the  pH  is  undoubtedly  associated  with  the  nature  of  hypo¬ 
chlorite  solutions  and  certain  features  of  the  equilibria  which  are  establi^ed  in  these  solutions. 

In  1900  were  published  the  classic  studies  of  Professor  A.  A.  Yakovkin  on  the  equilibrium  of  chlorine 
hydrolysis  [1]? 

Clg  4  ^  4  Cr-f  HCIO.  (1) 

The  hyd’°olysis  constants  which  he  obtained  enable  exact  relations  to  be  found  between  the  chlorinating 
and  the  true  oxidizing  action  of  hypochlorites.  A  good  deal  of  work  has  been  devoted  to  the  determination  of 
the  dissociation  constant  of  hypochiorous  acid#  and  values  usually  within  the  range  of  10'"®  -10“^,  have  been 
reported.  The  equilibria  of  the  two  processes  hydrolysis  of  chlorine  and  dissociation  of  hypochlorous  acid 
—  govern  the  state  of  a  solution  of  hypochlorous  acid  at  different  pH  values. 

# 

Calculations  show  that  alkaline  solutions  (pH  >  10)  contain  substantially  only  ClO"  ions.  Solutions 
whose  pH  is  in  the  range  8.5-6.0  contain  hypochlorous  acid  and  its  salt  in  approximately  equal  amounts. 
Solutions  whose  pH  is  below  6  are  substantially  free  from  salt. 

Strongly  acid  solutions  (pH-'<3)  contain,  in  addition  to  hypochlorous  acid,  appreciable  amounts  of 
chlorine  ions.  The  ratio  of  the  two  components  in  such  solutions  at  various  pH  values  is  governed  by  the 
hydrolysis  constant  of  chlorine. 

Hypochlorite  solutions  are  not  equilibrium  systems  by  virtue  of  the  fact  that  slow  processes  of  decompo¬ 
sition  accompanied  by  formation  of  chlorates  or  oxygen  proceed  arbitrarily  in  them. 

The  stability  of  these  solutions  is  determined  by  the  pH.  Thus  it  has  been  found  that  the  mechanism 
of  conversion  of  hypochlorite  into  chlorate  varies  according  to  whether  the  reaction  proceeds  in  alkaline, 
neutral  or  acidic  media.  The  velocity  of  the  process  likewise  varies.  The  latter  was  found  [2]  to  be  a 
minimum  in  a  strongly  acidic  medium  (pH  1);  with  increasing  pH  it  rises  and  attains  a  maximum  in  a 
nearly  neutral  medium  (pH^  6.7)$  the  cotiversion  velocity  begins  to  fall  again  in  an  alkaline  medium. 

We  see  that  the  activity  of  H*  ions  is  one  of  the  fundamental*  factors  governing  not  only  the  oxidizing 
properties  of  hypochlorite  solutions  but  also  their  composition  and  stability.  An  accurate  characterization  of 
this  influence  would  clearly  permit  a'deeper  insight  into  the  properties  and  nature  of  hypochlorite  solutions. 
More  jarecise  knowledge  of  the  effect  of  pH  on  the  oxidizing  properties  may  be  obtained  by  an  investigation  of 
the  oxidation  potentials  of  these  solutioas. 

Very  few  papers  have  been  published  on  the  dependence  of  oxidation  potentials  on  pH  in  hypochlorite 
solutions,  and  these  publications  are  lacking  in  full  details  of  either  the  oxidation  potentials  themselves  or  of 
tb.e  equilibria  governing  them.  We  were  iherefoie  prompted  to  carry  out  an  investigation  of  the  dependence  of 
the  oxidation  poteiitials  of  hypochlorite  solutions  on  the  pH. 


EXPERIMENTAL 

•  In  alkaline  solutions  of  hypochlorite  the  oxidation  potential  may  be  governed  by  electrode  reaction: 

C10“  4  2H+  4  2e  cr  4  i%0.  (2) 

In  neutral  and,  especially,  in  weakly  acidic  solutions  in  which  CIO  ions  chaise  into  HCIO,  we  may 
expect  the  following  reaction  instead  of  (2): 
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(3) 


HCIO  •>  H  *'  +  2e  cr  +  fifeO. 

FinaA’y,  in  very  naioic  solutions  in  which  chlosine  is  liberated  according  to  reaction  (1),  the  oxidation 
potential  is  deteroiiiied  by  the.  electrode  procesj; 

Cl*  +  2e  ~  2Cr.  (4) 

It  folioHs  from  equations  (2)  and  (3)  that  the  oxidation  potential  must  depend  on  the  pH  (since  it 
differs  in  the  acidif;  and  alkaline  regions)  and  also  on  the  concentrations  of  hypochlorite  and  chlorine  ions. 

In  ±e  strongly  acid  region,  where  the  equilibrium  of  reaction  (1)  is  sharply  shifted  to  the  left,  we  should 
expe>ct  the  oxidation  potential  to  be  independent  of  the  pH  according  to  equation  (4).  The  experimental 
ihyestigation  of  these  relationsMps  will  also  be  dealt  with  in  this  paper. 

In  the  first  instance  measurements  were  made  of  the  oxidation  potentials  in  freshly  prepared  solutions  of 
sodiom  hypocliiorite  and  bleaching  powder. 

Sodium,  hypochlortte  was  prepared  by  passing  chlorine  into  a  solution  of  sodium  hydroxide.  The  calcium 
hyiKichlorf.te  soluii-orts  were  perfectly  transparent  and  colorless.  They  were  stored  in  the  dark  in  a  daik'glass 
container.  The  oxidatioij  pocenti.als  were  measured  with  the  help  of  a  platinum  gauze  electrode.  The  pH  of 
‘he  sck'tioi!!;  was  determined  wim  an  electrode  of  ES-1  glass  (72<51)  SlQ<j  6f^o  CaO|  N%0),  The  pH  and  the 
oxidation  potentials  were  measured  on  a  lamp  potentiometer.  The  measurements  with  the  glass  electrode  were 
accurate  to  within  about  1  mV,  A  platinum  electrode  and  a  potassium  chloride  aga:.  siphon,  for  connection  to 
the  c&lomei  electrode,  were  Inserted  simultaneously  in  a  beaker  closed  with  a  waxed  rubber  stopper,  Througn 
anocoftr  hole  In  the  a  opper  was  passed  the  tip  of  a  small  buret  from  which  acid  or  alkali  was  run  Into  the 
sniutio;«  iTie  second  h«lf'«lement  for  the  measurements  was  a  saturated  calomel  electrode.  All  the  values 
of  o:il(iation  potemlals  presented  below  are  expressed  In  relation  to  this  electrode. 

ir*  order  to  reduce  the  values  of  /to  the  hydrogen  zero  point,  they  most  be  increased  by  the  value 
of  me  powntial  of  the  saturated  calomel  electrode  at  18®,  i,e.  by  +0,260  V. 

The  starting  solutions  placed  in  the  beaker  were  either  chlorine  water  or  a  solution  of  sodium  hypo*- 
chlorite  containing  an  excess  of  alkali  or  a  solution  of  bleaching  powder  containing  an  excess  of  Ca(OH>^. 

Since  hypochlorite  solutions  only  develop  a  buffering  action  In  the  pH  range  of  8-6,  a  more  detailed  study  of 
the  effect  of  ph  upon  the  oxidation  potential  necessitated  buffering  of  the  solutions  with  boric,  acetic  or  mono- 
oh.\n:ace&o  add. 

In  the  alkaline  region  the  oxidation  potential  was  established  slowly  at  the  platinum  electrode.  A  special 
investigation  ^.owed  that  a  constant  potential  in  a  solution  with  pH  ^  10,6  is  only  reached  after  several  hours. 
Consequently  meaturements  carried  out  in  this  region  were  somedmei  prolonged  for  24  hours  or  longer.  In  this 
case  the  measurements  were  considered  to  be  completed  when  the  potential  remained  constant  over  a  period  of 
severe!  huur%  In  the  neutral  and  acid  regions  a  steady  potential  was  established  more  quickly,  so  that  the  dura*- 
non  of  the  pH  measurements  was  then  from  30  minutes  to  a  few  hours. 

tn  Plgices  1  and  2  are  plotted  the  results  of  the  potentlomccric  titrations*  The  upper  curves  cliaracterlze 
rht.  pH  eftange  and  the  lower  ones  the  change  in  oxidation  potentials*  Upper  and  lower  curves  are  quite  similar* 

J'he  Individual  nettiensof  these  curves  correspond  to  the  processest 

H*  +  OH“  (8) 

CIO**  +  5?  HCIO,  (6) 

Hcao  +  H^  +  cr  r-  (i)  ' 

"Vb-t  p«>dtio!!s  of  the  inflection  points  of  the  upper  and  lower  curves  coincide  on  the  axis  of  the  abscissas* 
These  inflection  pofnts  separate  from  each  other  the  abovenoted  portions  of  the  titration  curves.  The  Identical 
course  of  rhn  pH  ann  oxtrtation  potential  curves  Is  particularly  marked  in  Figure  3  in  which  both  curves  are  plotted 
with  an  sc&ie  along  the  axis  of  the  ordinates  (one  pH  unit  corresponds  to  58mV  of  oxidation  potential)! 

here  the  pH  values  on  the  oidinates  inciease  from  bottom  to  top,  while  the  values  of  ^  Increase  from  top  to  bottom, 

Asiaiysts  iiMtwed  the  content  of  hypochlorite  determined  from  the  titration  curve  (from,  the  length  of  the 
voivespondfrsg  portion  along  the  axis  of  the  abscissas),  agrees  with  measurements  by  the  iodometiic  method.  The 
patei!tiomA.trt«';  tioratiou  ciuves  consequently  offer  the  possibility  of  exact  determination  of  the  content  of  free 
alkali  and  active  chlorine  in  a  hypochlorite  solution,  as  will  be  discussed  more  fully  In  another  paper. 


Figure  2.  !) Titration  with  HCl  solutionj  II)  titration  with  mono- 
chloiacetic  acid  solutioni  III)  titration  with  acetic  acid  solution. 


f  ?  H  M>  7^  Ik  ^ 

Figure  1.  1)1^1  tration  of  chlorine 
water  with  sodium  hydroxide;  I!) 
titration  of  sodium  hypochlorite 
with  sulfuric  acid. 


From  Figures  1  and  2  and,  in 
particular  from  Figure  3,  it  is  clear 
that  a  definite  dependence  does  actually 
exist  between  the  oxidation  potential  and 
the  pH  in  hypochlorite  solutions.  This 

dependence  is  illustrated  in  Figure  4.  Here  are  plotted  the  results  of  our  measurements  in  hypochlorite  solutions 
(0.0289  N)  prepared  from  chlorine  water,  and  in  bleaching  powder  solutions  (0.0293  N).  There  is  substantial 
agreement  between  the  results  of  both  sets  of  measurements. 

It  is  interesting  to  compare  the  results  obtained  with  the  data  of  other  authors.  Remington  and  Trimble 
[3]  give  the  oxidation  potentials  measured  by  them  in  hypochlorite  solutions  with  the  help  of  a  platinum  foil 
electrode.  Their  solutions  were  buffered  in  the  pH  range  of  5,29-6,04  with  a  phosphate  mixture  and  in  the  pH 
range  of  8,35“11.59  with  a  carbonate  mixwre.  Apparently  the  pH  of  the  solutions  was  not  accurately  measured 
in  these  experiments. 

In  this  paper  it  was  established  that  a  break  in  the  straight-line  dependence  occurs  in  the  pH  region  r 
around  9-8,  which  the  authors  attribute  to  a  "solvation"  effect  associated  in  their  opmion  with  the  use  of  different 
buffer  systems. 


Hisey  and  Koon  [4],  who  performed  measurements  in  calcium  chlorate  solutions,  show  that  the  recti¬ 
linear  dependence  begins  to  break  down  at  pH<  5,0.  H<lye  [5]  made  more  systematic  and  accurate  measurements 
of  potentials  in  hypochlorites  prepared  from  chlorine  watei  and  presented  data  which  indicate  the  start  of  devia¬ 
tion  from  linearity  in  a  mote  acidic  region  (much  lower  than  pH  =  5.0). 

Our  own  data  reveal  the  presence  of  an  inflection  on  the  curve  in  the  pH  range  of  approximately  9.3-8. 8. 
Below  pH  =  8,8  and  above  pH  =  9.3  a  rectilinear  dependence  of  the  oxidation  potential  on  the  pH  is  observed 
with  the  same  slope. 


This  iKoceda^e  of  coiirce  aresults  in  a  aeviatior.  from  experimental  values  at  pH  >9,0.  Wltli  further 
aridifioation  the  calculated  values  of  the.  oxidation  potential  (at  ^  1.322)  beg:.::,  to  deviate  from  the 

experimental  resalts  (broken  carve  n  on  Fig,  5).  Compailson  of  formulas  (7)  and  (8)  shows  that  with  in^- 
creasing  HCIO  content  of  ±te  solution  Sie.  angle  of  slope  of  the  straight  line  =  sP(PH)  is  bound  to  decrease 
(from  68  to  29  mV  per  pK  unit). 

However,  experiments  have  failect  to  reveal  such  a  change  in  the  slope  of  the  straight  line,  associated 
with  the  transformation  of  CIO*  into  HCIO,  down  to  pH  ^  3.5,  at  which  point  tne  change  is  evidently  due  to 
another  cause.  This  permits  us  to  draw  the  conclusion  that  the  formation  of  HCIO  does  not  influence  the  oxi“ 
dation  potential.  This  conclusion  is  not  in  accord  with  the  widely  held  opinion  that  the  oxidizing  ability  of 
HCIO  is  greater  than  that  of  its  saii.  Therefore  from  the  absence  of  an  effect  of  Cl*  upon  the  oxldadon 
potentia.1  and  from  the  presence  of  a,n  infiecd.on  on  the  ^  =  ^PH)  rectilinear  plot  in  the  region  of  approxi¬ 
mately  9.3-8. 9,  it  follows  that  the  oxidation  potential  in  the  pH  range  of  9.0-3.5  is  not  governed  by  me 
equilibria  on  which  formulas  (7)  and  (8)  are  based. 

Since  the  GIO^  ions;  ha.ve  no  effect  upon  the  oxidation  potential,  it  may  be  inferred  that  the  processei 
of  decomposition  of  hypochloriees  with  formation  of  chlorates,  for  example: 

GiOir 2H+  ■>  2Cr  -  2HCiO  '>  CIO  ^ ,  ( 9) 

likewise  do  not  govern  the  potentials.  The  experimental  data  can  likewise  not  be  explained  by  cr.e  fact  that 
the  electrode  behaves  like  an  oxygen  electrode  due  to  the  processes: 

CIO*  -^^Cl'ylo,.  (10) 

or  ^ 

HCIO  -J-  Cr  ^  O.  (11) 

In  this  case  the  electrode  potentials  ought  to  be  considerably  lower  than  the  experin  ental  values  (Pig.  5). 

An  understanding  ot  the  equilibria  which  govern  the  potential  in  *M%  pH  region  calls  for  fmther 
investigation  of  title  properties  of  hypochlorite  solutioni. 

In  the  more  acidic  region  (pH<  3.5)  chlorine  begins  to  be  formeo  in.  appreciable  amounts  in  the  solution. 
On  this  basis  we  may  suggest  that  the  de^yiations  from  rectillnearity  of  the  curve  (Fig,  5)  in  the  strongly  acidic 
region  (pH>  3,0)  are  due  to  the  influence  of  the  equilibrium  of  chlorine  hydroxysls  on  the  oxidation  potential. 

Here  frie  oxidation  potential  of  the  solution  must  be  deteririned  by  the  system  C%~cr,  i.e.  the  electrode 
begins  to  behave  like  a  chlorine  electrode. 

If  these  considerations  are  valid,  then  its 
potential  is: 

»cvcr=/ci,/cr  ♦ -f- 

Ci 

Applying  the  law  of  mass  action  to  the  hydrolysis 
of  chlorine  (1),  we  get: 

‘cig  K  *'H->'*cr*^Hc.o'  K  =  -r  5 

El 

where  k^j  is  the  hydrolysis  constant  of  chlorine.  According 
to  f  akovkin,  at  18“,  k)j'-  3. 75*  10'^, 

We  aenoie  the  initiai  concentratio.nsi  of  hypo- 
chiorosts  acid  and  chlorides  by  respectively: 

*HC.lO  ^  ^HCiO 

®cr'  ®cr 

From  expressions  (a),  (b)  and  (c)  we  find: 

*K+*^C1“  *(^HG’.0  “*cr  ^ 


Figure  5.  Cirrches  rei^.te.  to  n.»L'irrttental  values; 
crosses  to  calciii.uted  v.a'Ues. 
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The  value  of  can  be  obtained  by  simultaneously  solv-ng  equations  (c)  and  (d).  <»(>c]g/cr  “  1.359  V 
(in  relation  to  the  normal  hydrogen  electrode). 


Since  ^oCl*/Ci“  given  for  the  equilibriurr.  pressure  of  chlorine  equal  to  one  atmosphere,  the  oxidation 
potential  towards  the  saturated  calomel  electrode  iss 


^cig/cr 


=  1,109  + 


-a 


iOg 


*cr 


where  p^^j^  is  the  equilibrium  pressure  of  chlorine  at  its  concentration  (activity)  in  solution  equal  to 

According  to  Winkler  the  solubility  of  chiokine  at  a  pressure  of  one  atmosphere  and  a  temperature 
of  20*  is  0,7923  g  per  100  g  water,  or  0.105  mole/1. 

“  i-ioa-  T  <“> 

The  oxidation  potentials  for  values  of  pH  4  calculated  according  to  equation  (12)  are  shown  by 
crosses  in  Figure  5, 


We  see  from.  Figure  5  that  the  calculated  values  are  in  adequate  agreement  with  the  experimental 
ones.  This  shows  that  the  platinum  electrode  actually  behaves  like  the  chlorine  elechode  in  the  pH  region 
below  3.5. 


SUMMARY 

1.  In  hypochlorite  solutions  with  pH  ^  9.3  the  oxidation  potential  changes  with  changing  concentration 
of  ions  of  CIO  and  cr.  In  this  region  the  potential  may  be  calculated  from  the  formula; 

^4  ^CIO' 

cp  ~  (Pf)-  SpH  +  log  — ,  where  <pg  -  1.267  V. 

^cr 

2.  In  solutions  with  a  pH  from  8.5  to  4.0  the  dependence  of  the  oxidation  potenaal  on  the  pH 

is  represented  by  a  straight  line  lying  55-60  mV  higher  than  the  straight  line  obtained  in  the  alkaline  region 
(pH  greater  than  9.3). 

In  diis  region  the  potential  does  not  change  with  chacging  concentration  of  Cl”  ions  in  the  solution. 

The  oxidation  potential  in  this  region  is  not  governed  by  the  equilibria; 

C10“  +  2H+  +  2e  ^  Cl"  +  I%0  and  HCIO  +  K+  +  2e  ^  Cl  ’  +  H»0. 

3.  An  influence  of  chlorate  ions  on  the  oxidation  potential  in  alkaline,  neuual  and  weakly  acid 
regions  could  not  be  detected. 

4.  In  solutions  with  a  pH  below  3.5  the  electrode  potential  is  governed  by  the  equilibrium  of 
chlorine  hydrolysis.  In  this  region  the  electrode  behaves  like  a  chloiine  elecuode. 
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nitrate  descending  very  steeply  to  the  eutectic  point. 


Fig.  3. 

3.  We  have  also  been  the  first  to  investigate  the 
binary  system  cadmium  nitrate"Sodium  nitrate.  The 
fusion  curve  of  this  system  consists  of  two  branches  — 
a  branch  of  the  primary  crystallization  of  cadmium 
The  eutectic  point 'corresponds  to  3Q^  sodium  nitrate  and 


46^  cadmium  nitrate,  widi  a  melting  point  of  135*  (Fig.  1). 


The  system  was  investigated  in  the  range  from  15<55>  sodium  nitrate.  As  in  the  previously  described  syste^m, 
a  lower  content  of  sodium  nitrate  resulted  in  decomposition  of  the  melts  with  evolution  of  nitrogen  peroxide. 
Melts  of  salts  contaming  60-70^  cadmium  nitrate  readily  changed  into  the  vitreous  state  which  seriously  retarded 
the  develoimient  of  crystals. 


Fig,  4.  Fig.  5. 


Ternary  sections.  For  the  purpose  of  Investigation  of  the  liquidus  surface  of  the  ternary  system,  in 
accordance  with  the  general  principles  of  i^ysico-chemical  analysis,  12  sections  (Figure  2)  were  examined. 

Section  Is  25^  Cd(NO))g  +  7&5b  (NaNO|)|  — ►  (LiNO^)s.  The  phase  diagram  of  the  section  comprises 
two  branches:  A  branch  of  ternary  crystallization  of  sodium  nitrate  and  a  branch  of  primary  crystallization  of 
lithium  nitrate  (Fig,  3),  The  transition  point  corresponds  to  the  composition:  46f|b  lithium  nitrate,  13.25^ 
cadmium  nitrate,  40.7S<^  sodium  nitrate,  and  a  temperature  of  168**. 

Section  11:  55‘5k  Cd(NOy)i  +  45‘5{>  (NaNO^  — ►  (LiNOgji.  The  phase  diagram  of  the  section  consists 
of  two  branches:  A  branch  of  sodium  nitrate  crystallization  and  a  branch  of  lithium  nitrate  crystallization. 
The  transition  point  corresponds  to  the  composition:  23*%  lithium  nitrate,  42,25‘^  cadmium  nitrate,  34.75^ 
sodium  nitrate,  and  a  temperature  of  146*. 

Section  ni;  70^  Cd(NP|)|  +  30^  (NaNP|){  — ►  (LiN03)2.  The  phase  diagram  of  the  section  consists 
of  two  tranches:  A  cadmium  nitrate  crystallization  branch  and  a  lithium  nitrate  crystallization  branch.  The 
transition  point  corresponds  to  the  composition:  18^  lithium  nitrate,  57.5‘55»  cadmium  nitrate,  24,5^  sodium 
nitrate  and  a  temperature  of  136*  (Fig,  3). 

Section  IV:  5f^  (liNO^  +  95^  Cd(NOs)t  — ►  (NaNQ)2.  The  section  was  Investigated  from  25f^  sodium 
nitrate.  At  a  lower  content  of  sodium  nitrate,  the  melt  decomposes  with  evolution  of  nitrogen  peroxide.  The 
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liquidus  cutve  of  the  section  consists  of  two  crystallization  branches:  A  cadmium  nitrate  and  a  sodium  niuate 
branch.  The  transition  point  corresponds  to  the  composition;  35.5^  sodium  nitrate,  3.2<^  lithium  nitrate,  ^l,2Plo 
cadmium  nitrate,  and  a  temperature  of  120*  (Fig.  3).  At  certain  quantitative  ratios  of  the  components  the  melts 
readily  change  into  a  glassy  modification. 

Section  V;15^a(LiNOg)t  +  85<5fc  Cd(NO|)(  (NaNO|)|.  The  section  was  studied  from  the  point  corres¬ 
ponding  to  15<7o  sodium  nitrate.  At  a  lower  content  of  the  latter  (as  in  the  preceding  section)  the  melts  decompose. 
The  liquidus  curve  of  the  section  consists  of  two  branches,  one  being  the  crystallization  cutve  of  cadmium  nitrate 
and  the  other  the  crystallization  curve  of  sodium  nitrate.  The  transition  point  is  at  the  composition;  Z2,fiPlQ  sodium 
nitrate,  10.25<7o  lithium  nitrate  and  51,2SfJo  cadmium  nitrate  and  a  temperature  of  112*.  In  melts  containing  from 
27.5  to  32.5^  sodium  nitrate,  vitrification  is  observed  (Fig.4). 

Section  VT;  20%  (LiNOs)!  +  80%  Cd(NQ|)|  (NaNOs}s.  The  phase  diagram  of  frte  section  consists  of 
two  branches;  A  cadmium  nitrate  crystallization  branch  and  a  sodium  nitrate  crystallization  branch.  The  transi¬ 
tion  point  corresponds  to  the  composition:  29.5%  sodium  nitrate,  14.5%  lidiium  nitrate,  56%  cadmium  nitrate 
and  a  temperature  of  110*.  Vitrification  was  observed  in  melts  with  a  sodium  nitrate  content  of  25  to  30% 

(Fig.  4). 

Section  VII;  30%  (LiNO|)|  +  70%  Cd(NO|)| - ►  (NaNOi)^.  The  section  consists  of  three  crystallization 

branches:  Cadmium  nitrate,  lithium  nitrate  and  sodium  nitrate.  The  first  transition  point  conesponds  to  the 
composition;  18%  sodium  nitrate,  25%  lithium  nitrate,  57%  cadmium  nitrate  and  a  temperature  of  156*.  The 
second  transition  point  corresponds  to  the  composition:  32%  sodium  nitrate,  20.75%  lithium  nitrate,  47.25% 
cadmium  nitrate  and  a  temperature  of  140*  (Fig.4).  The  salt  melts  on  certain  portions  of  the  liquidus  curve 
possess  a  high  viscosity  and  readily  change  into  the  vitreous  state. 

Section  VJI:'  35%  (LiNp|)i  +  65%  Cd(NOy)|  — ►  (NaNQs)!.  The  section  possesses  three  crystallization 
branches:  cadmium  nitrate,  lidiium  nitrate  and  sodium  nitrate.  The  first  transition  point  corresponds  to  the 
composition:  13.5%  sodium  nitrate,  30.5%  lithium  nitrate,  56%  cadmium  nitrate  and  a  temperature  of  166*. 

The  second  transition  point  corresponds  to  the  composition;  34%  sodium  nitrate,  23.5%  lidiium  nitrate,  42.5% 
cadmium  nitrate  and  a  temperature  of  143*.  Melts  of  the  salts  containing  between  46  and  55%  of  cadmium 
nitrate  are  very  viscous  (Fig.  4). 

Section  DC;  40%  (LiNO|)^  +  60%  (CdNO|)|  — ►  (NaNQt)c.  The  section  consists  of  three  crystallization 
branches:  Cadmium  nitrate,  lithium  nitrate  and  sodium  nitrate.  The  frrst  transition  point  corresponds  to  the 
composition:  9.25%  sodium  nitrate,  36.5%  lithium  nitrate,  54.25%  cadmium  nitrate  and  a  temperature  of  178*. 

The  second  transition  point  corresponds  to  the  composition;  36%  sodium  nitrate,  26.75%  lithium  nitrate,  38.25% 
cadmium  nitrate  and  a  temperature  of  153*  (Fig.  5). 

Section  X;  45%  (LiNO^)*  +  55%  (CdNO^  — ► 
(NaNO|)|.  The  section  has  three  crystallization  branches: 
Cadmium  nitrate,  lithium  nitrate  and  sodium  nitrate.  To 
the  first  transition  point  corresponds  the  composition; 

2.5%  sodium  nitrate,  44%  lithium  nitrate,  53.5%  cadmium 
nitrate  and  a  temperature  of  189*.  To  the  second  transi¬ 
tion  point  corresponds  the  composition;  37.5%  sodium 
nitrate,  28.25%  lithium  nitrate,  34.25%  cadmium  nitrate 
and  a  temperature  of  164*  (Figure  5). 

Section  XI;  60%  (UNO,),  +  40%  Cd(NO,),  — ► 
(NaNO,),.  The  section  possesses  two  crystallization 
branch^:  Uthium  nitrate  and  sodium  nitrate.  The 
transition  point  conesponds  to  the  compositiont  40% 
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sodium  nitrate^  36%  lithium  nitrate,  24%  cadmium  nitrate  and  a  temperature  of  174*  (Figure  6),  Crystalliza¬ 
tion  proceeded  readily  throughout  the  whole  course  of  the  section. 

Section  XHt  90%  (LiNO,)^  .+  10%  Cd(NO,),  — ►  (NaNOs)^.  The  section  has  two  crystallization 
branches:  lithium  nitrate  and  sodium  nitrate.  The  transition  point  corresponds  to  the  composition:  42.5% 
sodium  nitrate,  52%  lithium  nitrate,  5.5%  cadmium  nitrate  and  a  temperature  of  190*  (Fig.  6). 


Fig.  8.  Projection  of  the  crystallization 
paths  on  the  side  of  the  sodium  nitrate- 
lithium  nitrate  triangle 

The  experimental  data  for  the  ternary 
system  are  generalized  in  the  ixojection 
'  of  the  triangular  isothermal  plots  on  the 
phase  diagram.  The  isotherms  are  drawn 
through  25*  (Fig.  7). 

The  investigated  system  of  the 
nitrates  of  cadmium,  sodium  and 

lithium  is  a  system  with  a  simple  eutectic,  as  was  to  be  expected  on  the  basis  of  tiie  character  of  the  binary 
systems. 

Corresponding  to  the  ternary  eutectic  point  is  the  compositions  56%  mole-%  of  cadmium  nitrate,  14.5% 
mole^  of  lithium  nitrate,  29.5%  mole-%  of  soditim  nitrate  and  a  melting  point  of  110*  for  the  ternary  eutectic. 

The  system  is  characterized  by  die  presence  of  three  crystallization  fields: 

a)  A  crystallization  field  of  sodiiun  nitrate  comprising  39.12%  of  the  total  area  of  the  triangle. 

b)  A  field  of  crystallization  of  lithium  nitrate  with  an  area  of  crystallization  of  42.5%. 

c)  A  field  of  crystallization  of  cadmium  nitrate  extending  over  18.38%  of  the  total  area  of  the  triangle. 

In  Fig.8  is  shown  the  orthogonal  projection  of  die  crystallization  paths  on  the  side  of  the  sodium-nitrate- 
lithium  nitrate  triangle. 

A  study  of  this  system  revealed  that  the  introduction  of  cadmium  ions  promoted  vitrification.  It  must 
be  pointed  out  that  vitrification  was  observed  in  melts  at  certain  concentrations  of  cadmium  nitrate,  which 
confirms  the  theory  previously  advanced  by  us  [1]. 

Striking  features  of  the  ternary  system  of  the  nitrates  of  cadmium,  sodium  and  lithium  are  die  unusually- 
low  melting  point  of  die  ternary  eutectic  melt  (110*)  and  the  occunence  of  vitrification. 

SUMMARY 

1.  The  ternary  system  of  the  nitrates  of  cadmium,  sodium  and  lithium  was  investigated  by  the  visual- 
polytfaetmal  method  of  physico-chemical  analysis. 

2.  It  was  establidied  that  the  system  has  one  invariant  poim  corresponding  to  the  compositions  14.5% 
mole-%  of  lithium  nitrate,  56%  mole-%  of  cadmium  nitrate,  29.5%  mole-%  of  sodium  nitrate  and  a  melting  point 
of  110*.  It  also  possesses  three  fields  of  crystallizations 


a)  A  cadmium  nitrate  field  extending  over  18.38%  of  the  total  area  of  the  triangle. 

b)  A  sodium  nitrate  field  (39.12%  of  the  area). 
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c)  A  lithium  nitrate  field  (42.5^  of  the  area). 

3,  ft  is  shown  that  the  largesr  field  of  crystallization,  contra:7  to  the  established  views,  belongs  to 
the  least  refractory  component  —  lithium  nitrate. 

4,  The  field  of  formation  of  a  low°melting  glass  from  the  nitrates  is  determined, 

5,  Two  binary  systems  were  studieds 

a)  Cadmium  nitrate -sodium  nitrate,  which  formed  a  system  with  the  simple  eutectic  composition: 
36<^  mole-percent  of  sodium  nitrate  and  64<Jb  mole-percent  of  cadmium  nitrate,  with  a  melting  point 
of  135*. 


b)  Cadmium  nitrate -lithiuih  nitrate,  likewise  a  system  with  a  simple  eutectic  composition:  46.75^ 
mole- percent  of  lithium  'nitrate  and  53,25<1|!»  mole- percent  '  cadmium  nitrate,  with  a  melting  point 
of  190*. 
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REACTIONS  OF  NITRATES  AND  NITRITES  OF  METALS  OF  THE  FIRST  AND  SECOND 
GROUPS  OF  THE  PERIODIC  SYSTEM  IN  MELTS 

V.  INVESTIGATION  OF  THE  TERNARY  SYSTEM  OF  THE  NITRATES  OF  LITHIUM,  POTASSIUM  AND  CADMIUM 

IN  MELTS* 

'  i  ‘ 

P,  I.  Protsenko 


Hi  a  ptevious  communicadon  [1]  it  was  shown  that  the  nitrates  of  lithiu^  sodium  and  cadmium  in  melts, 
both  in  the  binary  and  ternary  systems,  do  not  react  chemically  with  one  another  but  form  low*melting  eutectics. 
The  substitution  of  sodium  nitrate  by  potassium  nitrate  changes  the  character  of  the  interaction  of  the  components 
in  the  melts.  Potassium  nitrate  with  cadmium  nitrate,  as  will  be  shown  below,  forms  a  congruent  chemical 
compound  -Cd(N0j)j»'2KN08,  which  is  stable  in  melts  and  in  the  presence  of  a  third  component.  Examination 
of  this  system  revealed  vitrification  which  was  especially  pronounced  in  the  binary  system  of  potassium  and 
cadmium  nitrates.  The  high  degree  of  dispersity  of  the  crystals  in  melts  of  the  salts  at  certain  concentrations 
of  components  and  the  increasing  viscosity  under  such  conditions  greatly  hindered  the  performance  of  the 
experiment. 

Binary  systems.  1,  The  system  lithium-tiitiare-cadmium  nitrate  was  Ifirst  investigated  by  the  author  and 
has  already  been  described  [1]. 

2.  The  system  lithium  nitrate-potassium  nitrate  was  studied  by  Carveth  [2]  according  to  whom  the 
system  is  a  simple  eutectic.  Corresponding  to  the  eutectic  point  is  the  compositions  61.44<7o  mole-<^  of 
potassium  nitrate  and  38.56<fo  mole-^  of  lithium  nitrate  and  a  melting  point  of  139*.  Our  investigation 
confirmed  the  general  character  of  the  system  but  with  slightly  different  data. 

The  eutectic  point  corresponds  to  the  compositiont  ■  mole-^  of  potassium  nitrate,  4SfJo  mole-^  = 
of  lithium  nitrate  and  a  temperature  of  120^(Flg.  1).  ,  : 

As  far  as  we  are  aware  the  binary  system  potassium  nitrate-cadmium  nitrate  has  not  been  described 
in  the  literature;  we  are  the  first  to  study  it.  The  system  has  three  crystallization  branches;  'cadmium 
nitrate  descending  to  the  eutectic  point  (168*);  the  crystallization  branch  of  the  chemical  compound 
Cd(NO|]^*2KNO|  with  a  maximum  to  which  corresponds  the  temperature  of  199.5*;  and  the  crystallization 
branch  of  potassium  nitrate.  The  cadmium  nitrate  branch  could  be  followed  from  the  ordinate  of  the 
composition  corresponding  to  20‘7o  potassium  nitrate  and  80^  cadmium  nitrate  to  the  first  eutectic  point 
of  168*.  Decomposition  of  the  melt  occurred  on  heating  above  250*,  The  binary  system  of  the  nitrates  of 
cadmium  and  potassium  has  two  eutectics  with  a  maximum.  To  the  first  eutectic  point  corresponds  the 
compositiont  potassium  nitrate,  62.5<^  cadmium  nitrate  and  a  temperature  of  168*. 

To  the  second  eutectic  point  corresponds  the  composition;  60^  potassium  nitrate  and  40*9)  cadmium 
nitrate  and  a  temperature  of  175*. 

The  maximum  point,  as  already  indicated  above,  corresponds  to  a  temperature  of  199.5*  and  ^ 
composition;  50^  potassium  nitrate  and  50<|^  cadmium  nitrate  (Fig.  1). 

Investigation  of  this  system  involved  considerable  experimental  difficulties  since  during  the  entire 
period  of  crystallization  of  cadmium  nitrate  occurred  separation  of  highly  dispersed  crystals  which  led  to  a 
rise  in  viscosity  and  to  vitrification.  . 

Ternary  sections.  Hi  order  to  elucidate  the  character  of  the  interaction  of  the  nitrates  of  cadmium, ' 
potassium  and  lithium  in  melts,  an  investigation  of  11  sections  was  undertaken.  From  the  side  of  the  triangle 

*  N.  M.  Shevchenko  collaborated  in  the  investigation. 

*  •  Throughout  the  composition  will  be  expressed  as  mole-equivalent  percentages. 


1357 


Fig.  3. 


Fig.  2. 


I)  950Jt  Cd(NO,),  ♦  5^  Li(NO,),  (KNO,),; 
n)  85^  C^NOl^  +  15^  Li(NO,)j  (KNO,),. 


f<x  cadmium  nitiate— lithium  nitrate  to  the  apex  of  potassium  nitrate  were  studied  the  sections  I,  II,  in.  IV*  V*  VI* 
Vn,  Vin  and  K.  From  the  side  of  the  cadmium  nitrate— potassium  nitrate  triangle  to  the  lithium  nitrate  apex  were 
studied  sections  X  and  XI  (Figure  2). 

Section  1:  95^  Cd(NQ,),  4  9^  (LiNO,),  (KNO^.  This  has  three  branches  of  crystallization:  cadmium 
nitrate*  descending  to  the  transition  point  of  163*;  the  chemical  compound  CdfNO,),  *  2KNP,.  and  potassium  nitrate. 
The  temperatures  and  compositions  at  the  transition  points  are:  1)  163*  and  36.5<^  potassium  nitrate.  3.5<^  lithium ' 
nitrate  and  cadmium  nitrate.  2)  171*  and  58.79^  potassium  nitrate,  2.25<^  lithium  nitrate  and  39°^  cadmium 
nitrate.  Crxrtesponding  to  the  maximum  on  the  curve  of  die  chemical  compound  is  a  temperature  of  192*  (Figure  3). 
The  transition  points  found  by  intersection  of  the  crystallization  curves  were  also  confirmed  experimentally.  Along 
the  cadmium  nitrate  branch  there  was  observed,  at  certain  ratios  of  components,  vitrification  which  seriously  hind- 
eied  crysullization. 

Section  It  85^  Cd(NO,)l  4  (UNO,),  -4  (KNQ,),.  This  section  has  three  crystallization  branches;  cad¬ 

mium  nitrate  steeply  descending  to  the  transition  point  (152*);  the  chemical  compound  Cd(NO,),  *  2KNO,;  and 
potassium  nitrate,  likewise  steeply  rising  from  the  transition  point  (165*). 

This  section  possesses  two  transition  points  and  a  maximum.  The  first  point  is  at  152*  and  has  the  compo¬ 
sition:  ZAfft  potassium  nitrate.  10^  lithium  nitrate  and  56<^  cadmium  nitrate;  the  second  is  at  165*  and  has  the 
composition:  57.9^  potassium  nittate,  lithium  niuate,  and  36<;b  cadmium  nitrate. 

The  transition  points  were  found  by  intersection  of  the  crystallization  curves.  The  maximum  is  at  a  temp¬ 
erature  of  179*  (Figure  3).  Vitrification  (which  hindered  crystallization)  was  observed  on  the  potassium  nitrate 
branch  between  the  ordinates  of  the  composition  ranging  from  15  to  34^  potassium  nitrate.  Throughout  the  remain¬ 
ing  extent  of  the  liquidus  curve,  crystallization  of  the  salts  ixoceeded  readily. 

Section  m;  75^  Cd(NO|)k  4  2^  (UNO,),  (KNO,),.  This  has  three  crysullization  branches:  cadmium 

nitrate,  descending  in  almost  a  straight  line  to  134*;  the  chemical  compound  Cd(NOs)i  *  2KNC)^  enclosed  between 
two  transition  points;  and  the  potassium  nitrate  branch,  steeply  risii%  from  152*. 

Section  m  has  two  transition  points  and  a  maximum  point.  Corresponding  to  the  first  transition  point  is  a 
temperatiue  of  134*  and  the  composition:  32^  potassium  nitrate,  17<|l»  lithium  nitrate,  and  51<^  cadmium  nitrate; 
to  the  second  point  corresponds  the  temperature  of  152*  and  the  composition;  56^  potassium  nitrate.  11^  lithium 
nitrate,  and  33^  cadmium  nitrate. 

The  temperature  of  ISS**  corresponds  to  the  maximum  (Figure  4). 
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Crystallization-hi  idering  vitrification  likewise  takes 
place  along  the  course  of  section  III  between  the  ordinates  to 
which  corresponds  a  composition  with  10  to  30^o  potassium  nit¬ 
rate.  Separation  of  the  first  crystals  along  the  branch  of  crystal¬ 
lization  of  the  chemical  compound  and  of  potassium  nitrate  was 
easily  observed;  the  salt  melts  were  transparent  and  crystallized 
well. 

Section  IV;  65<7o  Cd(NO,),  +  35<7o  (LiNO,)|  (KNOsli. 

This  is  distinguished  by  four  crystallization  branches:  cadmium 
nitrate,  descending  to  180*;  lithium  nitrate,  also  smoothly  de¬ 
scending  to  136*1  the  chemical  compound  Cd(N08)|  •  2KNO|; 
and  potassium  nitrate.  The  first  transiaon  point  corresponds  to  a 
temperature  of  180*  and  the  composition;  lO^o  potassium  nit¬ 
rate,  31.5^0  lithium  nitrate,  and  58.d<7o  cadmium  nitrate,  The 
second  corresponds  to  136*  and  the  composition:  39^0  potassium 
nitrate,  22.2<^  lithium  nitrate,  and  38.8^o  cadmium  nitrate.  The 
third  corresponds  to  148*  and  the  composition:  55<%  potassium 
nitrate,  16^70  lithium  nitrate,  and  29^  cadmium  nitrate. 

The  temperature  of  the  maximum  point  is  158*  (Figure  4 

Section  V;  eo^^o  Cd(NOj)*  +  40^  (LiNO,),  (KNO,),.  Th: 
abo  has  four  crystallization  branches:  cadmium  nitrate,  lithium  nitrate,  the  chemical  compound  Cd(NO))|  •  2KNO|, 
and  potassium  nitrate.  The  first  transition  point  corresponds  to  a  temperature  of  186*  and  the  composition:  5fJo  pot¬ 
assium  nitrate,  38^0  lithium  nitrate,  and  57<^  cadmium  nitrate;  the  second  corresponds  to  141*  and  the  composition: 
40^  potassium  nitrate,  24<7o  lithium  nitrate,  and  36<^  cadmium  nitrate;  the  third  corresponds  to  140*  and  the  comp¬ 
osition:  55^  potassium  nitrate,  W’Jo  lithium  nitrate,  and  27<7o  cadmium  nitrate.  The  maximum  conesponds  to  a 
temperature  of  148*  (Figure  4).  The  transition  points  are  determined  by  the  intersection  of  the  crystallization  curves 
and  were  experimentally  confirmed.  Vitrification  was  observed  along  the  cadmium  nitrate  branch. 

Section  VI;  55<7o  Cd(N08)j  +  497o  (LiNOs)j  —*■  (KNOsyt-  This  section  exhibits  three  crystallization  branches; 
lithium  nitrate,  descending  to  126";  the  chemical  compound  Cd(N08)|  •  2KN08,  and  potassium  nitrate.  It  has  two 
transition  points.  The  first  corresponds  to  a  temperature  of  126*  and  the  composition;  46^  potassium  nitrate,  24.5^ 
lithium  nitrate,  and  29.5‘^b  cadmium  nitrate;  the  second  to  130*  and  the  composition:  55<7o  potassium  mtrate,  20^ 
lithium  nitrate,  and  25<7o  cadmium  nitrate. 

The  temperature  corresponding  to  the  maximum  b  143*  (Figure  5).  Crystallization  of  the  ults  proceeded 
readily  throughout  the  entire  section. 

Section  Vllt  46<7o  Cd(N08)|  +  66<5lj  (LiNO|)| -♦  (KNOg)!.  There  are  two  crystallization  branches:  lithium 
nitrate  and  potassium  nitrate.  The  traruition  point  is  at  111*  and  corresponds  to  the  composition:  potassium 

nitrate,  24,76<^!»  lithium  nitrate,  and  20.25%  cadmium  nitrate  (Figure  5).  No  vitrification  was  observed  throughout 
the  whole  of  the  section. 

Section  VIU:  36%  Cd(NOs),  +  65%  (LiN03)|  -►  (KN03)|.  There  are  two  crystallization  branches;  lithium 
nitrate  and  potassium  nitrate.  The  transition  point  corresponds  to  the  composition:  56%  potassium  nitrate,  28.5% 
lithium  nitrate,  15.5%  cadmium  nitrate,  and  a  temperature  of  115*  (Figure  5),  No  vitrification  was  observed  on  any 
part  of  the  line,  and  the  salt  melts  crystallized  normally. 

Section  IXr  20%  Cd(N08)2  +  80%  (LiNOs)!  (KN03)3.  In  this  case  there  are  two  crystallization  branches: 
lithium  nitrate  and  potassium  nitrate.  The  transition  point  corresponds  to  the  composition:  55%  potassium  nitrate, 
30%  lithium  nitrate,  and  9%  cadmium  nitrate,  and  the  temperature  of  117*  (Figure  6).  Crystallization  proceeded 
readily  throughout  the  curve. 

Section  X;  60%  Cd(N08)2  +  40%  (KNOsls  (LiN03)3.  Two  crystallization  branches;  the  chemical  com¬ 
pound  Cd(NO^  •  2KN08  and  lithium  nitrate.  The  transition  point  corresponds  to  a  temperature  of  138*  and  the 
composition;  33%  potassium  nitrate,  17.5%  lithium  nitrate,  and  49.5%  cadmium  nitrate  (Figure  6).  No  vitrifica¬ 
tion  was  observed. 

Section  XI;  55%  Cd(NO,)3  +  45%  (KNOs)!  (LiN08)3.  Two  crystallization  branches;  the  chemical  com¬ 
pound  Cd(N08)3  •  2KNO3  and  lithium  mtiate.  The  transition  point  corresponds  to  the  temperature  of  140*  and  the 
composition:  35.75%  potassium  nitrate,  20.5%  lithium  nitrate,  and  43.75%  cadmium  nitrate  (Figure  6). 


Fig.  4.  in)  75%  Cd(NO,),  +  25%  (LiNO,), 
-►  (KNO,),;  IV)  65%  C^NO,),  ♦  35% 
(LiNO,),  -♦  fKNO,),;  V)  60%  Cd(NO,),  + 
40%  (LINO,),  (KNO,),. 
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Fig.  5.  VI)  55<7o  Cd(N03)2  +  45^0  (LiNO,)* 
(KNO,),;  VII)  45(7o  Cd(NOj)2  +59% 
(LiNOj),  (KNOj)*;  VIU)  39%  Cd(liO^)2 
+  69%  (LiNOj),  (KN0,)2. 


Fig.  6.  IX)  20^0  Cd(N05)2  +  80<%  (UNO,)! 

-►  (KNOs),^  X)  60^0  Cd(NO,)2  +  40%  (KNOj)* 
(LiNO,)*;  XI)  59%  Cd(NOj)j  +  45% 
(KN03)2->  (LiNOa)*. 


No  vitrification  was 
observed.  Section 
XI  confirms  the  cor¬ 
rectness  of  the  course 
of  the  lines  of  com¬ 
mon  crystallization 
derived  from  the  data 
of  Sections  III,  IV,  V, 
VI,  VIL 

The  results  of 
study  of  the  ternary 
system  are  general¬ 
ized  in  the  projection 
of  the  triangle  of  iso¬ 
therms  of  the  three- 
dimensional  phase 
diagram.  The  iso¬ 
therms  are  drawn 
through  25°  (Fig,  7). 


Fig.  7. 


Figure  8  shows  the  orthogonal  projection  of  the 
paths  of  crystallization.  The  composition  and  tempera' 
ture  of  the  invariant  points  obtained  by  the  orthogonal 
projection  of  the  curves  of  common  crystallization  on 
the  cadmium  nitrate—  potassium  nitrate  side  are  in 
accord  with  the  experimental  data. 

In  the  ternary  system  of  the  nitrates  of  lithium, 
potassium  and  cadmium,  the  liquidus  surface  was  in¬ 
vestigated.  It  was  established  that  the  system  has  four 
fields  of  crystallization;  those  of  cadmium  nitrate, 
lithium  nitrate  and  the  complex  compound  Cd(NOs)2  • 
2KNOs.  The  two  binary  systems  coiutituting  the  sides 
of  the  ternary  system  form  simple  eutectics,  while  on 
the  third  binary  system  (also  forming  a  side  of  the  tri¬ 
angle)  exists  the  congruent  chemical  compound 
Cd(N03)2  •  2KN08.  The  composition  and  temperature 
of  the  ternary  eutectic  points  were  determined  exper¬ 
imentally.  This  system  is  characterized  by  an  excep¬ 
tionally  low  melting  point  of  the  ternary  invariant 
point  (a  temperature  of  111“),  and  by  the  presence  of 
a  well-defined  complex  between  the  nitrates  of  cad¬ 


mium  and  potassium  both  in  the  binary  system  and  in 
the  presence  of  the  third  component.  The  formation 

of  the  complex  compound  Cd(N08)2  •  2KNO3  is  accompanied  by  a  rise  in  the  viscosity  of  the  salt  melts  which  in  turn 
promotes  formation  of  highly  dispersed  crystals  and  hinders  observation  of  the  development  of  the  first  crystals. 


The  supercooling  of  the  salt  melts,  which  had  been  observed  with  certain  concentrations  of  components, 
facilitated  the  formation  of  a  low^llelting  vitreous  mass  constituting  the  simplest  nitrate  glasses.  A  similar  phen¬ 
omenon  was  described  by  the  author  when  examining  the  ternary  system  of  the  nitrates  of  calcium,  potassium  and 
sodium  [3].  Vitrification  has  also  been  observed  by  N.P.Luzhna  [4]  in  a  study  of  the  prism  of  the  six  salts  Na,  K,  Zn, 
SO4,  Cl. 


The  problem  of  the  transformation  of  certain  easily  fusible  salts  into  glassy  modifications  and  the  associated 
phenomenon  of  supercooling  have  not  yet  been  adequately  investigated  and  further  research  in  this  field  is  required. 
The  treatment  of  these  phenomena  in  the  literature  [5,6,7]  in  our  opinion  is  open  to  question.  From  this  standpoint 
our  investigation  deserves  attention  both  in  the  theoretical  and  the  practical  respect. 


136  0 


SUMMA  RY 


1.  The  ternary  system  Cd(N03)2 
—  (KN03)2~(LiN03)2  has  been  studied  by 
the  visual- poly  thermic  method  of  phys¬ 
ico-chemical  analysis. 

2.  The  ternary  system  in  ques¬ 
tion  is  found  to  belong  to  the  type  of 
ternary  systems  with  two  invariant 
points.  Corresponding  to  the  first  ter¬ 
nary  invariant  point  is  the  composition: 

32  mole  °]o  potassium  nitrate,  17  mole 
°lo  lithium  nitrate,  51  mole  %  cadmium 
nitrate  and  a  melting  point  of  134?  To 
the  second  invariant  point  corresponds 
the  composition:  55  mole  °]o  potassium 
nitrate,  24.75  mole  %  lithium  nitrate, 

20.25  mole  °]o  cadmium  nitrate  and  a 
melting  point  of  Hi'’. 

3.  A  study  was  made  of  the  binary  system  of  the  nitrates  of  cadmium  and  potassium.  This  is  a  system  with  a 
maximum  point  to  which  corresponds  the  congruent  chemical  compound  Cd(NO^)2  •  2KN08  with  melting  point  199.5*. 

The  first  eutccdc  corresponds  to  the  composition:  38  mole  <7o  (KNOs)!  and  62  mole  <7o  Cd(NO|)2  and  a  temp¬ 
erature  of  1G8*;  to  the  second  corresponds  the  composition:  60  mole  (KN03)|,  40  mole  <7o  Cd(N08)2  and  a  temper¬ 
ature  of  175*. 

4.  Potassiuiii  uur.Au  uiriers  from  the  nitrates  of  lithium  and  sodium  in  forming  with  cadmium  nitrate  the 
complex  compound  Cd(N03)2  •  2KNO3. 

5.  It  is  shown  that  the  introduction  of  cadmium  and  potassium  ions  into  salt  melts  promotes  the  formation  of 
nitrate  glasses  of  the  simplest  chemical  composition.  This  is  a  discovery  of  undoubted  interest. 
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THE  EQUILIBRIUM  IN  THE  RECIPROCAL  SYSTEM 


OF  THE  SULFATES  AND  MOLYBDATES  OF  SODIUM  AND  LEAD 


I.  N.  Belyaev 


This  paper  contains  the  results  of  an  investigation  of  the  fusibility  in  the  ternary  reciprocal  system  of  the 
sulfates  and  molybdates  of  sodium  and  lead  by  the  visual -polythermal  method.  The  salts  and  their  mixtures  were 
melted  in  a  platinum  crucible.  A  resistance- wound  crucible  furnace  of  lONKh  A116y  No.2*  was  employed.  Temp¬ 
eratures  were  measured  with  a  platinum -platinum-rhodium  thermocouple  and  with  a  galvanometer  calibrated  for 


the  melting  points  of  ctemlcaily  pure  KNO3,  K^igOj,  NajSQ^,  KCl,  and  K1SO4  The  sodium  sulfate  was  purified  by 


TABLE  1 


Fusibility  of  the  System 
Na,Mo04-PbMo04 


No. 

PbMo04 

m 

Temp.of 
formation 
of  the  first 
crystals 

1 

0.0 

690 

2 

2.5 

721 

3 

5.0 

695 

4 

10.0 

687 

5 

15.0 

681 

6 

20.0 

666 

7 

22.5 

654 

8 

25.0 

644 

9 

27.5 

630 

10 

30.0 

635 

11 

35.0 

676 

12 

40.0 

714 

13 

45.0 

749 

14 

50.0 

784 

15 

55.0 

823 

16 

60.0 

860 

TABLE  2 


Diagonal  Section  of 
NajMo04-PbS04 


No. 

PbSO^ 
(‘^o)  ' 

Temp,  at 
start  of 
crystal¬ 
lization 

1 

0.0 

690 

2 

5.0 

690 

3 

10.0 

679 

4 

15.0 

666 

5 

20.0 

657 

6 

25.0 

688 

7 

30.0 

758 

8 

35.0 

820 

9 

40.0 

865 

10 

45.0 

898 

11 

50.0 

926 

12 

55.0 

934 

13 

60.0 

943 

14 

65.0 

939 

15 

70.0 

930 

16 

75.0 

899 

17 

80.0 

926 

three  recrystallizations  and  had  a  melting  point  of  884*;  the 
sodium  molybdate  was  prepared  by  recrystallization  of  com¬ 
mercial  salt  and  melted  at  698*;  lead  sulfate  and  molybdate 
were  prepared  by  precipitation  from  solutions  of  lead  nitrate 
and,  respectively,  sodium  sulfate  and  sodium  molybdate. 
Binary  Systems 

The  binary  system  sodium  sulfate  —  sodium  molybdate, 
previously  described  by  Boeke  [4],  was  again  investigated  in 
our  laboratory.  The  system  is  characterized  by  a  continuous 
series  of  solid  solutions  which  decompose  in  the  solid  state 
under  the  influence  of  polymorphic  transformations  of  the 
components. 

The  binary  system  lead  sulfate —sodium  molybdate  has 
been  studied  by  Ayre  and  Herms  [4].  Limiting  solid  solutions 
were  observed  in  the  system  in  the  regions  adjdining  the  pure 
components  which  form  a  eutectic  at  962*  and  42.5^  lead 
sulfate.  *  * 

The  system  of  the  sulfates  of  sodium  and  lead  has  been 
studied  by  Cagliani  and  Maiotta  [4];  it  is  characterized  by  a 
simple  eutectic  at  735*  and  47%  PbS04.  The  results  are  con¬ 
firmed  by  our  own  experiments  (Figure  1). 

The  binary  system  of  the  molybdates  of  sodium  and 
lead  had  not  previously  been  studied.  Our  results  are  presen¬ 
ted  in  Table  1  and  Figure  1.  A  simple  eutectic  was  observed 
at  620*  and  28^o  lead  sulfate. 


The  reciprocal  system  was  completely  characterized  by  a  study  of  the  diagonal  sections  and  of  10  internal 
sections.  The  distribution  of  the  sections  is  shown  in  Figure  2. 


The  diagonal  section  of  Na2Mo04— PbS04  (Table  2  and  Figure  1)  has  three  crystallization  branches  which 
intersect  at  G50*  .Tnd  23%  lead  sulfate  and  at  860*  and  79%  lead  sulfate.  The  lead  molybdate  branch  has  a  well- 
deiincd  maximum  at  944“  and  60%  lead  sulfate.  The  diagonal  section  of  sodium  sulfate  and  lead  molybdate  clearly 
exhibits  the  character  of  a  binary  system  with  a  saddle  in  the  region  of  50-70%  lead  molybdate  and  a  eutectic  point 
at  12.5%  lead  molybdate  and  860*. 


The  fusibility  data  are  presented  in  Table  3  and  Figure  1. 

The  data  for  sections  I  to  X  are  {resented  in  Tables  4-13  and  Figures  3-4. 

Instrtute  of  General  and  Inorganic  Chemistry. 

Throughout  the  paper  the  percentages  will  be  given  as  mole  %. 


TABLE  3 


TABLE  4 


Diagonal  Section  of 
NajS04-PbMo04 


No. 

PbMo04 

m 

Temp,  at 
start  of 
crystal¬ 
lization 

1 

0.0 

884 

2 

5.0 

879 

3 

10.0 

870 

4 

15.0 

861 

5 

17.5 

863 

6 

20.0 

867 

7 

25.0 

875 

8 

30.0  ! 

885 

9 

35.0  1 

897 

10 

40.0 

909 

11 

45.0  i 

916 

12 

50.0 

923 

13 

55.0 

928 

14 

60.0 

931 

15 

65.0 

940 

16 

70.0 

960 

17 

75.0 

980 

18 

80.0 

999 

TABLE  5 


Section  II  {(aOPjo  Na|S04, 
40^t  Na,MoQ4  +  PbSQ^) 


No. 

PbS04 

(%) 

Temp,  at 
start  of 
crystal¬ 
lization 

1 

0.0 

734 

2 

2.5 

'  732 

3 

5.0 

735 

4 

7.5 

754 

5 

10.0 

770 

6 

15.0 

798 

7 

20.0 

839 

8 

25.0 

870 

9 

30.0 

890 

10 

35.0 

900 

11 

40.0 

900 

12 

45.0 

900 

13 

50.0 

905 

14 

55.0 

895 

15 

60.0 

878 

16 

65.0 

849 

17 

70.0 

845 

18 

75.0 

935 

Section  I 
Na2S04i  15f^o 


Na2Mo04  +  PbS04) 

No. 

PbSO. 

Temp  at 
start  of 
crystal¬ 
lization 

0.0 

700 

2 

5.0 

695 

3 

10.0 

691 

4 

15.0 

704 

5 

20.0 

740 

6 

25.0 

782 

7 

30.C 

834 

8 

35.0 

878 

9 

40.0 

906 

10 

45.0 

924 

11 

50.0 

934 

12 

55.0 

936 

13 

60.0 

931 

14 

65.0 

919 

15 

70.0 

895 

16 

75.0 

867 

17 

80.0 

958 

TABLE  6 

Section  in  Na|S04, 
25<5k  NajMoO^)  +PbSQ4 


No. 

PbS04 

m 

Temp,  at 
start  of 
crystal¬ 
lization 

1 

0.0 

800 

2 

2.5 

799 

3 

5.0 

811 

4 

7.5 

823 

5 

10.0 

833 

6 

15.0 

849 

7 

20.0 

860 

8 

25.0 

869 

9 

30.0 

880 

10 

35.0 

884 

11 

40.0 

884 

12 

45.0 

878 

13 

50.0 

868 

14 

55.0 

854 

15 

60.0 

814 

16 

65.0 

837 

17 

70.0 

897 

fcSc\- 


0oo\ 


i5P\ 


6Se>\ 


SPO- 

no- 

$50- 

0 


1364 


t 


*  r 

f<>SOr 


I 

} 


t 

I 

i 


! 


1 


Fig.  3.  in  a  square  the  reciprocal  system  of  the  field  of 


crystallization  of  the  individual  salts  (Fig.  5), 
The  field  of  crystallization  of  lead  molybdate 
occupies  the  greater  part  (74.88<7o)  of  the  squares  the  field  of  crystallization  of  the  solid  solutions  of  the  sulfa  te 
and  molybdate  of  sodium  occupy  i3.78^o;  llAGPjo  in  all  belongs  to  the  field  of  crystallization  of  lead  sulfate, 
of  which  '9.77<7o  belongs  to  the  a  -  and  1.63^0  to  the  0  ■modification.  One  ternary  eutectic  point  was  detected 
in  the  system  at  lead  sulfate,  3.5^  lead  molybdate,  44.5^o  sodium  sulfate  and  730*j  also  one  binary 
eutectic  point  lying  on  the  stable  diagonal  of  Na^SO^— PbMo04  at  850®  and  12.5'7o  lead  molybdate. 


TABUi  7 


Sect-ion  IV  NajSO^, 
10<^j  NajMo04)  +  PbS04 


No. 

PbS04 

m 

1 - 

Temp,  at 

surt  of 
crystal- 

1  HTartrin 

No. 

PbS04 

Temp,  at 
start  of 
crystal- 

•  {7.At{nn 

1 

0.0 

830 

10 

35.0 

824 

2 

2.5 

1  845 

11 

40.0 

800 

3 

5.0 

i  860 

12 

45.0 

782 

4 

7.5 

865  • 

13 

50.0 

758 

5 

10.0 

867 

14 

55.0 

740 

6 

15.0 

860 

15  1 

!  60.0 

785 

7 

20.0 

850 

16  i 

i  65.0 

832 

8 

25.0 

845 

17 

70.0 

891 

9 

30.0 

840 

Heat-of-formation  data  are  not  available 
for  all  of  the  components,  and  it  is  therefore 
not  possible  to  calculate  the  thermal  effect  of 
the  reaction* 

Na^SQ^  +  PbMo04-. —  Na4^K4o04  PbSO^ 

However,  it  is  clear  horn  the  character  of  the 
diagram  that  the  equilibrium  of  the  reciprocal 
reaction  is  shifted  in  the  directiorr  of  linking 
of  ions  with  radii  of  the  same  order  of  size 
(larger  with  larger,  smaller  with  smtaller,  in 
accordance  with  the  rules  of  Gustav!.mn  [5] 
and  Beketsov  [6],) 

On  the  basis  of  the  classification  of 
A.  G.  Bergman  and  N.  S.  Dombrovskaya  [1-8] 
the  system  is  an  irteversible  reciprocal  one, 
although  the  presence  of  a  saddle  on  tiie  stable 
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TABLE  8 


TABLE  9 


TABLE  10 


TABLE  11 


Section  V  (7570  NagSO^, 
257,  PbSO^)  ♦  Na2Mo04 


No. 

NagMo04 

ilo) 

Temp,  at 
start  of 
crystal¬ 
lization 

1 

0.0 

862 

2 

2.5 

861 

3 

5.0 

857 

4 

7.5 

1  854 

5 

10.0 

856 

6 

12.5 

856 

7 

15.0 

860 

8 

20.0 

860 

9 

25.0 

850 

TABLE  12 


Section  DC  (207o  PbMoQi, 

807o  PbS04)  +  Na^MoO^ 


No, 


NajMoO^ 

(Ho) 


Temp,  at 
start  of 

I 

j  crystal- 
j.iization  , 


0.0 

10.0  , 

960 

12.5  1 

^  902 

15.0 

910 

20.0 

1  930 

25.0 

i  950 

TABLE  13 


Section  X  (807o  NajMo04, 
2^0  PbMo04)  +  PbS04 


No, 

PbS04 

(I0) 

Temp,  at 
start  of 
crystal- 
-lization 

1 

0.0 

665 

2 

5.0 

642 

3 

10.0 

662 

4 

15.0 

717 

5 

20.0 

767 

6 

25.0 

809 

7 

30.0 

846 

8 

35.0 

883 

9 

40,0 

909 

10 

45.0 

927 

Section  VII  (457o  NagSO^,  Section  vni  (357o  NagS04, 
5570  PbS04)  +  Na2Mo04  657o  PbS04)  +  NagMoO^, 


Section  VI  (607o  Naj|S04, 
407o  PbS04)  +  Na2Mo04 


No. 

NajMoO^ 

Temp,  at 
start  of 

m 

crystal¬ 

lization 

1 

0.0 

785 

2 

5,0 

807 

3 

7.5 

813 

4 

10.0 

843 

5 

15.0 

867 

6 

20.0 

879 

7 

25.0 

884 

8 

30.0 

875 

9 

35.0 

860 

10 

40.0  ; 

832 

11 

45.0 

!  805 

12 

'  50.0 

780 

13 

1  55.0 

j  750 

14 

;  60.0 

1  721 

15 

i  65.0 

1  680 

16 

1  70.0 

1  678 

Temp,  at 

NajjMo04 

start  of 

00) 

crystal- 

lization 

1 

0.0 

783 

2 

2.5 

755 

3 

5.0 

753 

4 

7.5 

810 

5 

10.0 

833 

6 

j  15.0 

872 

7 

1  20.0 

890 

Temp,  at 

No, 

start  of 

'  00) 

crystal¬ 

lization 

1 

0.0 

866 

2 

2.5 

826 

3 

5,0 

800 

4 

7.5 

780 

5 

i  10.0 

809 

6 

i  15.0 

860 

7 

1  20.0 

883 

f^cnMo%^98^) 


{i06CP) 


Na2S04— PbMo04  section  and  the  character  of  the  isotherms  in  the  field  of 
crystallization  of  lead  molybdate  (displacement  of  the  crest  in  the  direction 
of  lead  sulfate)  indicate  some  reversibility  of  the  reaction  at  high  temperatures, 

SUMMARY 


1,  The  ternary  reciprocal  system  of  the  sulfates  and  molybdates  of 
sodium  and  lead  was  investigated  by  the  visual-polythermal  method  of  physico¬ 
chemical  analysis, 

2.  According  to  the  classification  of  A.  G.  Bergman  and  N,  S.  Dombrov- 
skaya,  the  system  is  of  the  irreversible-reciprocal  type  with  the  stable  diagonal 
Na2S04-PbMo04. 
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THERMODYNAMICS  OF  THE  KETONIZATION  OF  ETHYL  ALCOHOL 

V,  V.  Mazurek 


Over  certain  dehydrogenation  catalysts  primary  alcohols  pass  dirough  a  series  of  consecutive  reactions 
to  form  ketones  as  final  i»oducts.  This  so-called  ketonization  of  primary  alcohols  [1]  has  chiefly  been  studied 
in  relation  to  ethyl  alcohol.  The  reaction  mechanism  is  complicated  and  is  not  altogether  clear.  The  moat 
probable  scheme  is  diat  put  forward  in  1935  by  M.  Ya.  Kagan.  G.  D,  Lyubarsky  and  L  A.  Sobolev  [2^  according 
to  which  the  process  successively  involves:  1)  Dehydrogenation  of  the  alcohol  to  aldehyde;  2)  ester-condenaa* 
tion  of  the  aldehyde;  and  3)  ketonic  cleavage  of  the  ester.  The  complexity  of  the  ketonization  mechanism 
will  also  be  realized  when  we  recall  that  even  the  mechanism  of  ester  formation  from  alcohols  (i.e.  the  first 
two  stages  of  dte  present  reaction)  has  continued  until  recently  to  be  the  subject  of  investigations  and  discus^ 
siona  [1.3].  In  die  temperature  range  of  250-450*  in  which  ketonization  proceeds  [1],  certain  reactions  (which 
aiqpear  to  be  intermediate  stages)  are  substantially  reversible,  and  this  fact  must  be  kept  in  mind  during  the 
Investigatioii  of  die  mechanism  and  kinetics  of  die  reaction,  hi  consequence  it  is  important  to  have  dau  for 
the  equilibria  of  the  aeries  of  reactions  taking  place  under  ketonization  conditions,  fot  otherwise  it  would  be 
difficult  to  demarcate  the  kinetic  and  thermodynamic  factors  when  changes  occur  in  the  tem'perature  regime. 

We  are  concerned  widi  the  equilibria  of  the  following  reactions: 

Q|l%OH^  C^|CHO  + 1%  (I)  dehydrogenation  of  ethyl  alcohol. 

2Cl%CHO  ^  Cl%COOCtH|  (II)  esterMondemation  of  acetaldehyde  (Tishchenko's  reaction). 

2Cl%COOCtl%  CH|COCH|  *  C,l%OH  (HI)  -^ketonic  cleavage  of  ethyl  aceute. 

3C^i%OH  ^  C1%CCXIHb  <f  CfH4  4  COj|  4  41%  (IV)  ■--'Overall  reaction  of  ketcmization  of  ethyl  alcohol. 

2Ctl%OH  ^  CH^(XX%H|  4  21%  (V)  reaction  of  esterification  (acidleu)  of  ethyl  alcohol, 

3Cl%CHO  ^  Cl%COCl%  4C|1%  4  CC%  4  1%  (VI) reaction  of  ketonization  of  acetaldehyde. 

Data  for  the  thermodynamics  of  reaction  (V)  were  ptibllshed  In  1949  by  Vvedensky  and  co-w<»kcn  [4], 

In  die  present  paper  we  have  calculated  the  equllitela  of  the  remaining  five  reactions,  using  the  literature  data 
published  In  the  past  ten  yean  (Table  1).  to  die  cases  which  could  be  verified,  the  calculated  data  agreed  wldi 
the  experimental. 

The  Reaction  of  Ethyl  Alcohol  Dehydrogenation 

Since  Rideal's  data  [12]^  in  connection  with  a  study  of  the  equllitolum  in  die  range  1504275*,  cannot 
be  cMttldered  sufficiently  accurate  [11],  the  equilibrium  has  been  calculated  on  the  basis  of  the  third  law. 
using  the  experimentally  determined  value  of  the  thermal  effect  of  the  reactlont  ^d%||»*  16752  'cal/mole 
[13], 

The  calculation,  both  In  the  present  case  and  in  the  others,  was  performed  according  to  the  following 
schemes; 

1,  Prom  the  data  of  Table  1  the  equation  correlating  the  difference 
reaction  products  and  the  starting  moducts  was  calculated; 

ACp  a  ATi  4  ArsT4  ATtT*. 

2,  From  the  equation; 

AHj  •  AH;  4  ATiT  4-^  1*  4  ^  T* 

the  magnitude  AHs  was  calculated. 

For  die  reaction  in  question  the  experimental  value  of  was  inserted  In  equafimi  (2);  In  die  remaining 
oases  the  value  AH|ai  determined  according  to  Table  1  was  taken. 

3*  From  the  equation 

4Z»riH-*T^  (3) 


between  the  heat  capacities  of  the 
(1) 

(2) 
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TABLE  1 


Thermodynamic  Functions  of  Participants  in  the  Reactions 


Compounds  (gas) 

Heat  of 
formation 

AH,»9, 

Entropy 

^298 

Equations  relating 
specific  heat  (Cp) 
to  temp.  (*K) 

Temp. 

interval 

Ethyl  alcohol 

-56240  [5] 

67.26  16] 

5.5656  +  0.04522T- 
-0.00001639T*  [4] 

300-700 

Acetaldehyde 

-39670  [7] 

63.15  [7] 

2.97  +  0.03727T- 
-0.000013391* • 

300-1000 

Ediyl  acetate 

-103444  [4] 

90.11  [4] 

2.27  0.088T- 

-0.00003086T*  [4] 

300-700 

Acetone 

-57790  [8] 

70.3  [9] 

5.37  +  0.048227T- 
-0.000015182T*[10] 

298-1500 

Ethylene 

12496  [11] 

52.45  [11] 

2.08  +  0.0311T- 
-0.00001066T*[11] 

300-1500 

Carbon  dioxide 

-94052  [11] 

51.06  [11] 

5.372  +  0.12404T- 
-0.00000478T*[11] 

300-1500 

Hydrogen 

0 

31.21  [5] 

6.744  +  0.0002774T  + 

+  0.00000019561*[5] 

300-1500 

was  determined  the  value 

Calculation  of  the 
value  was  effected  from  the  data 
of  Table  1. 

4.  The  magnitude  of  I 

was  calculated  by  substitu¬ 
ting  the  values  and 

AHjgg  . . 

AT* 

ATi  ^ _  AFs  3 
2  ^  6  ^  “ 

(4) 

5.  The  final  equation 
for  the  temperature-depen¬ 
dence  of  log  Kp  was  ob¬ 
tained  by  substituting  the 
experimental  values  in 
the  equation: 


logK  =-^ 
^  P  4.573 


AT#  , 

+  logT  + 


AFi 


1.986 


2.4573 


T  + 


Mj- 

6-4.573 


I* 


Jt _ 

4.573' 


(5) 


The  following  was  found  for  reaction  (I):  ACp  =  4.1484-0. 007673T-f  0.0000031  96  T*;  AHj  =  15714 
cal/mole;  AH393  =  16637  cal/mole;  AZfgg  =  8561  cal/mole;  I  =  —1.468. 


log  Kp  =-1^ —  2.0886  log  T -0.0008386  T  *  0.0000001166  T*  ♦  0.3210  (6) 

In  Table  2  are  presented  by  comparison  the  experimental  data  for  log  Kp  [12]  and  those  calculated 
according  to  equation  (6). 


TABLE  2 

Comparison  of  log  Kp,  calcu¬ 
lated  from  equation  (6)  with 
the  calculated  and  experimen¬ 
tal  data  of  Rideal  [12] 


fc 

T*K 

I08  Kp 
(exp.) 

logKp 

(Eq.(6)) 

150 

423 

-2.796 

-2.651 

175 

448 

-2.322 

-2.164 

200 

473 

-1.917 

-1.727 

225 

498 

-1.345 

-1.334 

250 

523 

-0.635 

-0.981 

275 

548 

-0.041 

-0.653 

The  Ester-Condensation  Reaction  (V.E.  Tish¬ 
chenko's  Reaction) 

2CH5CHO  CH5COOC1H5 

The  expression  for  the  equilibrium  constant  of  this  reaction  can  be 
derived  from  the  equilibrium  constants  of  the  dehydrogenation  reaction  (I ) 
and  of  the  reaction  of  esterification  in  absence  of  acid  (V); 


From  this  it  follows  that: 

108  Kp(II )  =  log  Kp^y)  -2  log  Kp^i (8) 

On  the  basis  of  experimental  data  A.  A.  Vvedensky  and  co-workers 
[4]  proposed  the  following  equation: 


1675  7 

log  Kp^yj  = - +  2.33  log  T-0.0002061  T  +  0.P00000084  T^2.3929  (9) 

Combining  equations  (6)  and  (9)  in  accordance  with  (8),  we  get: 


,  5196 

. _  I08  Kp(II)  =“T—  -  1.847  log  T  +  0.001471  T-0.000000149 '1^3.0349.  (10) 

•  The  equation  for  the  specific  heat  of  acetaldehyde  was  calculated  (V.M.)  on  the  basis  of  the  data  of  Pitzer 
and  Weltner  [7]  by  the  method  of  least  squares. 

••In  this  column  are  listed  Ae  temperature  ranges  put  forward  for  the  specific  heat  equation. 
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TABLE  3 


Although  there  are  no  papers  in  the  literature  on  the  exper¬ 
imental  investigation  of  the  equilibrium  of  the  reaction  of  ester- 
condensation  of  acetaldehyde,  for  the  purpose  of  comparing  the 
values  of  log  Kp  calculated  from  equation  (10)  with  the  experimental 
data,  we  may  utilize  the  data  given  in  the  paper  of  A.  A.  Vvedensky 
and  co-workers  devoted  to  a  study  of  the  equilibrium  of  acidless 
esterification  [4].  Since  the  aldehyde  is  an  intermediate  in  the  re¬ 
action  of  acidless  esterification,  its  concentration  after  establish¬ 
ment  of  equilibrium  between  alcohol  on  the  one  hand  and  the  ester 
and  hydrogen  on  the  other  hand  will  also  be  an  equililvium  concen¬ 
tration.  Unfortunately,  the  concentration  of  the  aldehyde  under  the 
conditions  described  by  the  authors  of  the  experiments  is  extremely 
small  (several  tenths  wt.  '^),  so  that  even  a  small  absolute  error  in 
its  determination  would  introduce  a  large  error  into  the  calculation 
of  the  equilibrium  constant  of  reaction  (II).  The  data  used  in  the 
calculation  were  taken  from  those  experiments  on  whose  basis  the 
authors  derived  the  equation  for  the  equilibrium  constant  of  the 

reaction  of  acidless  esterification  (Table  3). 

Equation  (10)  permits  calculation  of  AH29|  and  AZjgj  of  the  reaction: 

AH,9,=  —  24290  cal/mole.  AZ^gg  =  —13980  cal/mole. 

Ketonization  of  Ethyl  Acetate 

2CHJCOOC2H5  ^  CHjCOCHj  +  CjH4  +  COj  +  CjHgOH  (UI) 

The  following  values  are  found  from  the  data  of  Table  1:  AHjjj  =  17300  cal/mole;  AZjg,  =  —840  cal/mole; 
ACp  =  12.848  +  0.0726  T  +  0.00001471  T*;  AHj  =  10114  cal/mole;  I  =  47.494. 

2212 

log  Kp(iii)  - - —  +  6.469  log  T  +  0.007938  T  +  0.0000005358  T* -10.386.  (11) 

Ketonization  of  Ethyl  Alcohol 
3C2H5OH  ^  CHjCOCH,  +  CjH4  +  CO2  +  4H2  (IV) 

AHjgg  =  35374  cal/mole;  AZj^gg  =  6497  cal/mole;  AQp  =  23.101  +  0.06882  T  +  0.00001933  T*;  Allg  = 

=  26259  cal/mole;  1  =  79.225. 

5523 

log  Kp^iv)  - —  +  11.632  log  T  +  0.007525  T  +  0.0000007041  T^17.325  (12) 

Ketonization  of  Acetaldehyde 
3CH2CHO  ^  GHjCOCHg  +  C2H4  +  CO2  +  Hg  (VI ) 

AHgsg  =  -14336  cal/mole;  AZ^g,  =-18977  cal/mole;  ACp  =  10.656  +  0.09183  T  +  0.00000974  T*; 

AHg  =  --21679  cal/mole;  I  =  83.649. 

4741 

log  Kp^VI)  +  5.366  log  T  +  0.01004  T  +  0.0000003549  T^18.292  (13) 

In  Table  4  are  presented  the  values  of  log  Kp  of  reactions  I-VI  calculated  from  the  above  equations. 

The  calculations  enable  the  following  conclusions  to  be  drawn:' 

1)  The  mechanism  of  the  ketonization  of  ethyl  alcohol  proposed  by  M.  Ya.  Kagan  and  co-workers  is 
thermodynamically  probable  in  all  its  stages. 

2)  In  the  temperature  range  250-450*  (in  which  the  ketonization  was  effected  [l])the  reactions  of  ketoni¬ 
zation  of  alcohol,  aldehyde  and  ester  are  substantially  irreversible. 

3)  The  temperature  bf  250*  is  not  the  bottom  limit  for  the  ketonization  of  alcohol,  aldehyde  and  ester. 

By  choosing  suitable  catalysts  it  is  possible  to  effect  these  reactions  at  lower  temperatures. 


Comparison  of  log  Kp,  calculated  from 
equation  (10)  with  the  values  calculated 
from  the  data  of  A.  A.  Vvedensky  and 
co-workers 


fc 

T*K 

From  data  of 
A.  A.  Vveden* 
'sky  and  co¬ 
workers  [4] 

log  Kp 
frorn 
Equation 
(10) 

181 

454 

4.658 

4.140 

181 

454 

4.565 

4.140 

201.5 

474.5 

3.662 

3.637 

201.5 

474.5 

4.041 

3.637 

1371 


TABLE  4 


log  Kp  of  Reactions  I-VI  calculated  from  the  Respective  Equations 


Reaction 

250“  C 

300“  C 

350*  C 

400*  C 

450*  C 

CjHjOH^  CHjCHO  +  H,  (I) 

-0.981 

-0.357 

0.165 

0.611 

0.995 

2CH^HO  ^  CHjCOOC,H5(II) 

2.610 

1.733 

1.003 

0.385 

-0.143 

2CH^00C,H5  CHjCOCH,  +  CjH^  + 

+  CO,  +  CjHjOH  (HI) 

7.259 

i 

8.321 

' 

i  9.295 

1  10.205 

11.071 

3C,HOH  ^  CHiCOCH,  +  CjH*  + 

+  CO,  +  4H,  (IV) 

7.775 

9.663 

i 

1  11.277 

i 

1  12.747 

1  14.102 

2C,H50H  ^  CHjCOOCjHg  +  2H,  (V) 

0.649 

1.020 

j  1.333 

i  1.605 

i  1.846 

3CHjCHO  ^  CHjCOCH,  +  C,H4  + 

•►CO,  +  i%(VI) 

10.701 

10.652 

1  10.706 

'  10.846 

i 

1  11.052 

4)  In  kinetic  studies  of  the  keloni^ation  reaction,  account  should  be  taken  of  the  reversibility  of 
reactions  I  (dehydrogenation  of  alcohol),  II  (ester-condensation  of  aldehyde)  and  in  (acidless  esterification 
of  alcohol).  Knowledge  of  the  velocity  constants  of  these  reactions  provides  the  possibility  of  determination 
of  the  distance  of  the  reacting  system  feom  the  equiiioritmt  point,  a/td  of  ascertaimng  which  reaction  governs 
the  velocity  of  tne  overall  reaction. 


SUMMARY 

.  On  the  basis  of  thermodynamic  data  published  in  the  literature  of  the  past  ten  years,  equations  are 

derived  for  the  temperature  dependence  of  the  logarithm  of  the  equilibrium  constants  of  the  following 
reactions;  1)  Dehydrogenation  of  ethyl  alcohol;  2)  estercondensation  of  acetaldehyde  (V.  E.  Tidichenko's 
reaction);  3)  ketonization  of  ethyl  acetate;  4)  ketonization  of  ethyl  alcohol;  5)  ketonization  of  acetaldehyde. 

It  is  shown  that  in  the  experlm.entally  established  temperature  range  of  ketonization  of  250'450*, 
the  last  three  reactions  are  substantially  irreversible. 

The  author  expresses  his  sincere  gratitude  to  A.  A.  Vvedensky  for  a  number  of  valuable  observatioiu. 
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THE  MECHANISM  OF  REACTION  OF  NITROGEN  DIOXIDE  WITH  AROMATIC 


HYDROCARBONS 

A.  I.  Titov 


The  problem,  important  in  itself,  of  the  mechanism  of  the  reaction  of  nitrogen  dioxide  with  the  nuclei 
of  aromatic  compounds  has  acquired  even  greater  theoretical  significance  following  our  discovery  that  the 
nitration  of  aromatic  compounds  (including  hydrocarbons)  by  nitric  acid,  up  to  a  concentration  of  acid  charac¬ 
teristic  of  each  substance,  proceeds  through  intermediate  interaction  with  nitrogen  dioxide  [1].  The  clarification 
of  the  process  is  made  difficult  by  a  series  of  factors,  namely;  the  complexity  of  the  molecular  composition  of 
nitrogen  dioxide  itself,  the  formation  in  the  sphere  of  reaction  of  other  oxy  compounds  of  nitrogen  (NO,  N2O3, 
HNO2,  HNOs,  etc),  the  presence  of  free  oxygen,  the  diversity  of  products  formed,  and  the  inadequacy  with  which 
they  have  been  studied. 

Among  the  experimental  data  on  the  action  of  nitrogen  dioxide  on  aromatic  hydrocarbons,  great  interest 
is  presented  by  the  numerous  observations  of  the  smooth  transformation  of  naphthalene  into  a  -nitronaphthalene. 
In  contrast  to  this,  Wieland  [2]  found  that  the  heating  in  a  sealed  tube  at  80*  of  an  equimolecular  mixture  of 
benzene  and  N204  gave,  apart  from  nitrobenzene,  a  considerable  amount  of  trinitrobenzene  and  picric  acid. 
Attention  is  also  merited  by  the  work  of  Meisenheimer  [3]  and  Scnmidt  [4]  on  the  formation  of  addition  products 
of  oxides  of  nitrogen  with  anthracene  and  phenanthrene  in  the  9,10-position. 

In  our  opinion  nitrogen  dioxide  constitutes  an  equilibrium  system  of  the  following  components; 

O  yO\ 

2.  0=N^  ^  0=N\  yN=0  ^  0=N-0-N0j  ^  NO"^  +  NO^.  (1) 

'O 

(A)  (B)  (C)  (D) 

The  dimeric  form  (B)  is  stable  in  a  nonpolar  medium  at  low  temperatures;  rise  of  temperature  and  of 
the  degree  of  dilution  leads  to  breakdown  to  molecules  of  NOj.  An  increase  in  the  polarity  of  the  medium  and 
of  its  dissociative  power  will  favor  the  development  of  the  nitrosyl-nitrate  form  (C)  and  of  its  ionization  with 
formation  of  the  nitrosyl  cation  NO"*"  (D);  the  latter  process  should  be  very  strongly  promoted  by  the  presence  of 
hydrogen  or  "aprotonic"  acids  which  combine  with  the  nitrate  ion,  for  example,  very  concentrated  mtric  acid; 

Nj04  NO+  +  NOj 

NO,  +  HNO,  or  NOj  +  HNO,  NOJ  .  .  .  HNO,.  (2) 

Reaction  of  N,04  with  sulfuric  acid  and  similar  strong  acids  leads  to  formation  of  the  nitrosyl  cation  NO'*’  and 
the  nitronium  cation  NoJ. 

On  the  basis  of  the  above  facts,  it  is  assumed  in  our  theory  that  the  active  agent  during  nitration  in  a 
nitric  acid  medium  is  the  nitrosyl  cation  NO"*",  in  sulfuric  acid  it  is  the  nitronium  cation  NO,  ,  and  in  a 
nonpolar  medium  it  is  predominantly  the  monomer  of  nitrogen  dioxide.  All  of  these  agents  possess  a  low 
electron  potential  (f^Nox  accessibility  of  their  electrophilic  nitrogen  atoms. 

We  have  now  collected  a  good  deal  of  evidence  in  support  of  out  theory  that,  as  a  rule,  the  initial 
stage  in  the  interaction  of  oxides  of  nitrogen  with  aromatic  hydrocarbons  in  large  excess  is  the  reaction  with 
monomeric  nitrogen  dioxide.  In  agreement  with  the  above  theory  we  observed  (see  Experiment  1)  a  very 
large  increase  in  the  overall  yields  of  products  of  reaction  of  the  same  quantity  of  nitrogen  dioxide  with 
benzene  with  increasii^  amount  of  hydrocarbon.  The  yield-improving  effect  of  dilution,  which  is  contrary 
to  theory,  may  be  accounted  for  by  the  decline  in  the  inhibiting  action  of  nitric  oxide  due  to  the  displace¬ 
ment  of  the  equilibrium  to  the  left; 

NO  +  NO,  ^  N,0,.  (3) 
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Further  evidence  that  the  active  agent  is  NOj  is  provided  by  our  observations  on  the  possible  realization 
of  the  reaction  at  100-150*  and  with  high  dilution  with  the  hydrocarbon,  i.e,  under  conditions  of  substantially 
complete  dissociation  of  ^^04  (Experiment  3).  In  harmony  with  our  conclusion  we  observed  a  sharp  accelera¬ 
tion  of  the  reaction  of  nitrogen  dioxide  with  benzene  when  saturated  with  oxygen  (Experiment  2)  which  had 
the  effect  of  breaking  the  bond  of  NOj  with  nitric  oxide  (see  Equation  3).  In  this  case,  however,  the  mani¬ 
festation  was  also  possible  of  the  specific  action  of  the  initial  products  of  reaction  of  oxides  of  nitrogen  with 
molecular  oxygen. 


According  to  our  theory  the  reaction  of  NO2  with  the  benzene  ring  leads  to  formation  of  the  radical 


At/ 


At<'  1  ,  whose  stmcture  to  a  first  approximation  (allowing  for  the  homolytic  conjugation)  can  be  represented 
'NCV 

by  a  structure  of  type  (a)  or  type  (b): 


(4) 


(a) 


(b) 


(the  dots  signify  associated  electron  pairs  participating  in  the  conjugation).  Heterolytic  conjugation  also  no 
doubt  takes  place  at  the  same  time. 

'  Among  the  products  of  reaction  of  nitrogen  dioxide  with  benzene,  we  succeeded  in  separating  nitro¬ 
benzene,  m-dinitrobenzene,  symm. -trinitrobenzene,  p-dinitrobenzene,  2,4-dinitrophenol,  and  picric  and  oxalic 
acids.  In  the  light  of  the  foregoing  exposition  and  of  the  inertness  of  nitrobenzene  towards  nitrogen  dioxide 
under  our  experimental  conditions,  it  may  be  permissible  to  represent  the  mechanism  of  their  formation  from 
the  radicals  (4)  by  the  folio wmg  schemes: 


1.  Formation  of  Nitrobenzene  by  Schemes  (5)  and  (6)-. 


(5) 


(6) 


Detachment  of  partly  atomic  hydrogen  according  to  scheme  (5)  corresponds  to  the  first  stage  of  nitration  of 
paraffins  [5]  R-H  +  •  NO|  — ►  R  +  HNOj;  but  in  this  case  instead  of  a  free  radical  there  is  formed  a  stable 
molecule  which  also  promotes  the  rapid  course  of  the  reaction  without  expenditure  of  energy  of  activation. 
This  reaction  is  analogous  to  the  dehydrogenation  of  hydroaromatic  compounds  by  NO^.for  example  dihydro¬ 
naphthalene; 


+  2  •  NOj 


+  2HNOj 


(7) 


The  ease  of  realization  of  such  reactions  reflects  the  strong  tendency  of  these  compounds  to  form 
aromatic  nuclei  (cryptoaromatic  state). 

The  f(»mation  of  a  mononitro  derivative  proceeds  especially  smoothly  during  reaction  of  NO2  with 
naphthalene.  When  NQj  reacts  with  anthracene  and  phenanthrene  the  process  takes  place  according  to  scheme 
(6)  and  stops  at  stage  (6a). 
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’ormation  of  p-Dinitrobenze ne •. 


:  +  2  •  NO,- 


0,N  'H 


+  2HNO, 


It  proceeds  in  a  similar  manner  to  the  dehydrogenation  of  dihydronaphthalene  in  accordance  with  equation  (7). 
It  is  quite  likely  that  a  portion  of  the  p-dinitrobenzene  is  formed  through  the  stage  of  addition  of  nitric  oxide 
to  the  radical  of  (5)  .dehydrogenation  of  the  adduct  and  oxidation  of  the  resultant  p-nitrosobenzene  to  the  dinitro 
compound: 

0,N  .H  0,N  H  NO,  NO, 


.+  •  NO 


^  -2HNO, 


The  still  unisolated  o-dinitrobenzene  is  undoubtedly  aiso  formed  by  this  route. 

3.  Formation  of  m-Dinitrobenzene  and  svmm. -Trinitrobenzene. 

These  are  undoubtedly  formed  as  a  result  of  further  addition  of  NO,  to  the  intermediate  product, 
cyclohex adiene  [see,  for  example,  schemes  (6)  and  (8)]  followed  by  cleavage  of  the  elements  of  nitrous  acid; 


|l  J  oNcr-^ 


H  NO, 


ONO  H 

H  -NO,  ^  H 


NO, 

+NO, 


H 

ONO  -2HN0^ 


fCoNO  -NO,, 


ONO  -3HNC 
M  — 


Some  of  our  observations  and  those  of  Puranen  [6]  indicate  the  possible  appearance  among  the  reaction 
products  of  adducts  of  types  (B)  and  (C). 

4.  Formation  of  Nitrophenols 

This  proceeds  through  the  stage  of  dehydrogenation  of  adducts  (A),  (B)  and  (C)  [see  equations  (10)  and  (11)], 
for  example  according  to  the  scheme: 


0,N  H 

+  2-NOi 
f(  pONO  -2HNOi 


+  N,04 


The  resultant  nitrophenol  is  converted  into  dinitrophenols  and  picric  acid  by  the  mechanism  which  had 
been  clarified  in  the  preceding  paper  [1].  Dehydrogenation  of  the  adducts  (B)  and  (C)  leads  respectively  to 
dinitrophenol  and  picric  acid. 

On  the  basis  of  the  proposed  mechanism  the  reaction  of  toluene  with  nitrogen  dioxide  should  be  expected 
to  yield  nitro  derivatives  of  m-cresol,  while  in  the  case  of  the  reaction  of  NO,  with  chlorobenzene  we  should 
expect  nitro  derivatives  of  m-chlorophenol,  as  can  be  seen,  for  example,  from  the  following  simplified  scheme; 
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We  have  actually  succeeded  in  demonstrating  that  trinit^o^ll-c^esol  is  the  chief  component  of  the  mixture 
of  nitrocresols  formed  in  the  reaction  of  NOj  with  toluene,  whereas  the  predominating  product  in  the  mixture  of 
nitrocresols  resulting  from  the  nitration  of  toluene  with  strong  nitric  acid  or  sulfuric -nitric  mixture  is  dinitro-p- 
cresol,  probably  in  admixture  with  dinitro-o-cresol.  We  have  likewise  shown  that  in  the  nitration  of  chlorobenzene 
with  nitrogen  dioxide  or  aqueous  nitric  acid  the  mixture  of  nitrophenols  mainly  consists  of  nitro  derivatives  of  m- 
chlorophenol;  nitration  <Ath'  aqueous  nitric  acid  proceeded  to  some  extent  through  intermediate  interaction  with 
NOi. 


It  must  be  pointed  out  that  a  certain  number  of  the  mononitro  derivatives  of  p-dinitro  compounds  and  of 
nitrophenols,  including  also  anomalous  members  (e.g.  trinitro-m-cresol),  could  be  formed  through  intermediate 
forma ti(»i  of  nitroso  compounds: 

Ar-H  +  NO+  - >•  Ar<  - >  Ar-NO  +  H'*',  (14) 

'no"^ 

-6 

whose  transformation,  according  to  our  investigations  [3],  could  likewise  lead  to  the  production  of  the  cited 
compounds.  Formation  of  m-dinitro  compounds  and  of  symm.-trinitro  compounds  could  proceed  exclusively 
by  the  previously  mentioned  route  through  the  intermediate  compound  with  NOj. 

The  theory  which  has  been  developed  of  the  interaction  of  aromatic  hydrocarbons  with  oxides  of 
nitrogen  is  applicable  in  large  measure  to  the  reactions  of  nitrogen  oxides  with  olefins. 

A  large  part  of  the  present  investigation  was  carried  out  in  1940-1941. 

EXPERIMENTAL 


1.  Effect  of  dilution  with  hydrocarbon  upon  the  yield  of  the  reaction  of 
nitrogen  dioxide  with  benzene.  Three  mixtures  of  10  ml  nitrogen  dioxide  and  200  ml  benzene 
were  allowed  to  stand  for  4  months  at  a  temperature  of  about  20*  in  closed  small  bottles  with  volumes  of, 
respectively,  40,  70  and  230  ml.  The  reaction  mass  in  the  first  experiment  had  a  green-brown  color;  the 
greenish  tinge  due  to  N2OS  in  the  second  experiment  was  somewhat  weaker,  while  in  the  third  it  was  scarcely 
noticeable.  A  little  oxalic  acid  separated  out  in  each  experiment.  Picric  acid  was  determined  as  potassium 
picrate  which  was  obtained  by  treating  the  reaction  mass  with  10  ml  of  lO^o  KHCOj  solution.  The  total 
yield  of  nitro-  and  polynitrobenzenes  was  determined  by  fractionation  of  the  benzene  in  vacuum  while  heating 
on  the  water  bath.  Yields  of  the  various  products  are  summarized  in  the  following  table. 


Expt. 

No. 

Vol.  of 
benzene 

Yield 

picrate 
in  g  1  in  g 

nitro  deri¬ 
vatives  in  g 

1 

20 

0.29 

1  0.31 

0.26 

2 

50 

0.34 

1  0.60 

0.87 

3 

200 

0.68 

1  0.95 

2.6 

14.8  g  nitrobenzene,  the  latter  distilling  without 


2.  Effect  of  presence  of  oxygen  upon  the 
interaction  of  nitrogen  dioxide  with  benzene. 
A  mixture  of  100  ml  benzene  and  9.6  g  nitrogen  dioxide  was 
allowed  to  stand  under  pressure  of  oxygen  from  a  gasholder. 
The  mixture  was  periodically  shaken,  sometimes  while  passing 
a  stream  of  oxygen.  At  the  end  of  20  days  the  oxides  of 
nitrogen  had  almost  completely  disappeared  (compare  expt.  4) 
The  reaction  mass  was  worked  up  to  give  2.9  g  picrate  and 
decomposition  and  almost  without  residue  at  205-208". 


3.  Interaction  of  nitrogen  dioxide  with  benzene  at  100*  in  sealed  tubes  with 
considerable  dilution  with  hydrocarbon.  Isolation  of  symm. -trinnitrobenzene . 

Into  each  of  two  sealed  tubes  (capacity  about  100  ml)  was  charged  2  ml  nitrogen  dioxide  and  15  ml  benzene. 

The  duration  of  heating  in  a  horizontal  water  bath  was  4  hours.  Considerable  i^essure  was  manifested  on  opening 
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the  tubes.  Each  of  them  was  found  to  contain  about  0.4  ml  of  aqueous  layer  with  specific  gravity  1.24.  The 
hydrocarbon  layer  from  both  tubes  was  washed  with  water  (10  ml)  and  then  extracted  with  20  ml  of  ffijo  caustic 
alkali  solution.  The  aqueous  layers  and  the  extracts  gave  0.14  g  residue  after  evaporation.  This  residue 
consisted  mainly  of  oxalic  acid.  The  alkaline  solution  was  acidified  with  "hydrochloric  acid  and  steam-distilled 
with  a  small  volume  of  liquid  in  the  distillation  flask.  From  the  residue  in  the  flask  (32  ml)  was  separated  0.29 
g  picric  acid  with  m.p.  104-107*.  This  gave  a  rise  in  melting  point  when  heated  in  admixture  with  an  authentic 
specimen.  The  distillate  after  saturation  with  sodium  chloride  was  extracted  with  ether.  From  the  ether  extract 
was  obtained  0.05  g  of  2,4-dinitrophenol,  melting  at  about  105*. 

The  excess  of  hydrocarbon  was  distilled  off  in  vacuum  from  the  benzene  layer  after  washing  with  water. 
The  residue  (1.24  g)  was  steam-distilled.  From  the  distillate  was  separated  about  1  g  of  liquid  consisting 
mainly  of  nitrobenzene.  The  solid  residue  (0.15  g)  from  the  distillation  flask  was  crystallized  from  alcohol. 

The  crystals  obtained  melted  at  117-119*;  in  admixture  with  pure  symm.-trmitrobenzene  the  melting  point 
was  121-122°,  The  product  gave  all  the  reactions  characteristic  of  symm.-trinitrobenzene,  in  particular  the 
intense  red  coloration  with  causuc  alkali  solution. 

4.  Reaction  of  nitrogen  dioxide  with  benzene  at  the  ordinary  temperature 
and  pressure.  Isolation  of  p-dinitrobenzene.  A  mixmre  of  500  ml  benzene,  20  ml  nitrogen 
dioxide  and  2.1  g  sodium  nitrite  was  left  to  stand  for  six  months  (the  cork  was  loosely  inserted);  a  portion  of 
the  nitrogen  dioxide  did  not  enter  into  reaction.  Exuaction  of  the  reaction  mass  with  sodium  bicarbonate 
solution  gave  5.8  g  picric  acid;  the  caustic  alkaline  extract,  following  acidification  and  steam-distillation, 
yielded  0.5  g  of  2,4-dinitrophenol  with  m.p.  106-109*.  After  distillation  of  the  benzene  (24.3  g)  the  residue 
was  composed  mainly  of  nitrobenzene.  Steam-distillation  of  later  fractions  (i.e.  after  removal  of  the  niuo- 
benzene)  gave  about  0.8  g  of  crystalline  material.  This  crystallized  from  alcohol  in  the  form  of  neediets 
melting  at  168-170*.  The  melting  point  was  elevated  after  mixing  with  pure  p-dinitrobenzene.  The 
identity  of  the  product  with  p-dinitrobenzene  was  also  confirmed  by  its  conversion  into  p-nitjophenol  when 
boiled  with  dilute  caustic  alkali. 

5.  Reaction  of  nitrogen  dioxide  with  benzene  at  a  temperature  of  50-55* 
and  at  the  ordinary  pressure.  Separation  of  m-dinitrobenzene.  A  mixture  of  20  ml 
nitrogen  dioxide,  930  ml  benzene  and  5  g  anhydrous  calcium  nitrate  was  heated  in  a  flask  beneath  a  reflux 
condenser  (ground-glass  connection)  for  a  period  of  100  hoqrs.  The  experiment  was  spread  over  20  days. 

The  reaction  mass  was  worked  up  with  water  and  after  filtration  gave  1,8  g  calcium  oxalate.  On  subsequent 
stirring  with  100  ml  of  IQPjo  potassium  bicarbonate  solution,  a  pier  ate  was  precipitated  which  yielded  4,6  g 
picric  acid,  m.p.  111-115*.  Acidification  of  the  mother  liquor  from  the  picrate  followed  by  steam -distillation 
gave  0.35  g  crystalline  2,4-dinitrophenol. 

Benzene  was  distilled  off  in  vacuum  from  the  hydrocarbon  layer.  By  means  of  combined  distillation 
in  steam  and  in  vacuum  the  residue  (6.95  g)  gave  5.1  g  nitrobenzene  and  2.1  g  m-dinitrobenzene  in  admixture 
with  a  little  p-dinitrobenzene.  Two  crystallizations  of  the  mixture  of  dinltrobenzenes  (m.p.  70-100“)  from 
alcohol  gave  a  product  melting  at  82-84*  which  exnibited  melting  point  elevation  when  mixed  with  pure  m- 
dinltrobenzene.  The  residue  of  material  nondistillable  in  steam  (about  1.3  g)  gave  a  defmite  reaction  for 
symm-trinitrobenzene  but  the  pure  product  could  not  be  isolated. 

In  a  similar  experiment  whose  conditions  were  not  precisely  defined,  steam-distillation  of  the  mixture 
of  dinitrobenzenes  yielded  a  product  with  m.p.  of  about  130*  from  which  p  dinitrobenzene  was  crystallized 
(from  alcohol)  with  m.p.  161-165*. 

6.  Action  of  nitrogen  dioxide  on  toluene  in  presence  of  oxygen.  Isolation  of 
trinitro-m-cresol  and  dinitro-p-cresol.  A  mixture  of  2  1_  toluene,  10  ml  nitrogen  dioxide  and  10  ml 
calcium  nitrate  was  stood  in  a  bottle  under  oxygen  pressure  with  occasional  shaking.  Further  addition  was  made 
of  6  ml  nitrogen  dioxide  every  two  days.  About  1.5  ml  oxygen  was  absorbed  each  day;  in  addition  0.5  1^  oxygen 
was  expended  in  driving  out  accumulated  nitrogen  and  residual  gases.  After  standing  for  8  days  the  reaction  mass 
was  treated  with  water,  and  then,  in  succession,  with  100  ml  of  2QPlo  KHCOj  solution  and  the  same  volume  of  207o 
K(Ci3s  solutioa  The  extraction  with  bicarbonate  resulted  in  precipitation  of  0.12  g  crystals  which  on  f  irther 
treatment  with  hydrochloric  acid  yielded  a  substance  melting  at  85*.  This  was  not  examined  closely.  Inspissa- 
tion  of  the  solution  on  the  water  bath  gave  1.05  g  yellow  crystalline  salt.  Acidification  of  the  solution  of  the 
latter  gave  0.8  g  pure  trinitro-m-cresol  with  m.p.  105*  and  depressing  the  melting  point  of  an  authentic  specimen. 
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From  the  carbonate  extract  was  obtained  0.26  g  red  crystalline  precipitate  which  was  worked  up  with  acid  to 
give  dinitro-p-cresol,  m.p.  80.5*  (no  depression  of  mixed  melting  point).  Acidification  of  the  mother  liquors 
of  both  extracts  led  to  the  isolation  of  about  1  g  of  a  liquid  mixture  of  nitrocresols.  The  reaction  mass  was 
found  to  contain  (using  the  previously  described  procedure  [5])  0.9  g  of  a  mixture  of  o-  and  p-nitrotoluenes, 
ever  50  g  of  methyl-substituted  products  (7  g  phenylnitrome thane,  29.6  g  benzyl  alcohol  and  its  ethers,  7  g 
benzaldehyde,  2  g  benzoic  acid  and  8  g  of  so-called  residual  oil).  We  have  previously  discussed  the  mechanism 
of  fcvmation  of  the  latter  [5,7]. 

SUMMARY 

1.  The  yield  from  the  reaction  of  nitrogen  dioxide  with  benzene  is  found  to  increase  proportionally 
with  the  dilution  of  the  hydrocarbon.  Saturation  of  the  mixture  with  oxygen  strongly  accelerates  the  reaction. 

2.  From  the  reaction  products  were  isolated  nitrobenzene,  m-  and  p-dinitrobenzenes,  symm. -trinitro¬ 
benzene,  2,4-dinitrophenol,  2,4,6-trinitrophenol,  and  oxalic  acid. 

3.  It  is  shown  that  dinitro-  and  trinitrobenzenes  are  formed  when  the  reaction  is  performed  in  sealed 
tubes  at  100-150*  with  high  dilution  of  the  nitrogen  dioxide  with  benzene,  and  also  at  the  ordinary  pressure 
and  temperature. 

4.  The  previously  advanced  theory  of  the  interaction  of  nitrogen  dioxide  with  aromatic  hydrocarbons 
is  developed.  According  to  this,  the  primary  stj^e  of  the  reaction  in  a  nonpolar  medium  is  the  intermediate 
formation  of  the  product  of  addition  of  the  electrophilic  and  ladicaHike  molecule  of  NOj  to  the  benzene 
ring.  Transformations  of  the  resultant  radical  under  nitration  conditions  lead  to  the  observed  reaction  products. 

'  5.  In  conformity  with  the  theory  it  is  found  that  the  main  component  of  the  mixmre  of  nitrocresols 

resulting  from  the  reaction  of  nitrogen  dioxide  with  toluene  is  trinitro-m-cresol,  while  with  chlorobenzene 
the  main  product  is  trinitro-m-chlorophenol. 
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THE  MECHANISM  OF  NITRATION  OF  AROMATIC  COMPOUNDS  WITH  NITRIC  ACID 


III.  NITRATION  OF  BENZENE  WITH  DILUTE  NITRIC  ACID 

A.  I.  Titov  and  A.  N.  Baryshnikova 


In  our  previous  communications  [1,2]  it  was  shown  that  the  nitration  of  aromatic  compounds  with  nitric 
acid  up  to  a  certain  concentration  of  the  latter  (characteristic  for  each  compound)  proceeds  through  intermediate 
interaction  with  nitrogen  dioxide.  In  these  cases  the  nitric  acid  merely  serves  as  a  source  of  nitrogen  dioxide 
and  as  a  medium  for  its  regeneration  from  lower  oxides.  The  strength  of  the  nitric  acid  required  for  develop¬ 
ment  of  the  catalytic  action  of  nitrogen  dioxide  upon  nitration  is  very  high  (  >  for  highly  nucleophilic 
aromatic  substances  such  as  naphthalene  and  phenolic  ethers.  Preliminary  experiments  have  shown  that  in  the 
nitration  with  nitric  acid  of  benzene  itself  and  of  compounds  with  still  lower  reactivity,  the  accelerating  effect 
of  nitrogen  dioxide  is  only  manifested  at  relatively  low  concentrations  of  the  order  of  20-30‘7o  and  lower.  The 
theory  of  these  phenomena  has  been  considered  in  the  previous  communications  [1,2]. 

On  the  other  hand  we  have  found  [3]  that  durii^  the  action  of  nitrogen  dioxide  on  benzene  at  tempera¬ 
tures  of  100“  and  higher,  even  at  very  high  dilution  with  the  hydrocarbon,  the  reaction  product  consists  of 
approximately  equal  amounts  of  sy mm. -trinitrobenzene,  picric  acid  and  nitrobenzene.  These  data  led  us  to 
the  conclusion  that  the  principal  products  of  reaction  of  dilute  nitric  acid  with  benzene  must  be  polynitro 
derivatives—  trinitrobenzene  and  picric  acid.  Experiment  has  fully  confirmed  this  paradoxical  conclusion. 
Trinitrobenzene  was  formed  also  when  nitration  was  carried  out  with  more  concentrated  nitric  acid  in  presence 
of  nitrogen  dioxide,  but  in  these  cases  its  formation  was  accompanied  to  a  greater  or  lesser  degree  by  "normal" 
nitration  of  benzene,  leading  exclusively  to  nitrobenzene  and  minute  amounts  of  nitrophenols.  In  conformity 
with  our  theory  the  minimization  of  normal  nitration  was  promoted  by  addition  of  nitrates.  The  mechanism 
of  interaction  of  benzene  with  oxides  of  nitrogen  has  been  considered  in  our  recent  paper  [3],  and  the  theory 
of  "normal"  nitration  has  also  been  recently  discussed  [2],  the  latter  in  more  detail  in  another  paper  [4]. 

In  a  general  form  the  results  of  the  present  investigation  have  already  been  published  [5]. 

The  causes  of  the  extreme  difficulty  of  nitration  of  the  aromatic  nucleus  with  molecules  of  nitric  acid 
have  been  previously  discussed.  The  following  ideas  are'put  forward  to  supplement  our  earlier  explanations.  The 
molecule  of  nitric  acid,  and  still  more  the  nitrate  ion; 

0=N-OH  0=N-C>- 

4^  4- 

o  o 

is  conspicuously  stable  thanks  to  the  conjugation  of  the  tt-  and  p-orbitals,  interaction  of  the  orbitals  necessitating 
parallelism  between  the  axes  of  the  respective  electrons,  for  otherwise  the  atoms  of  nitrogen  and  oxygen  would  be 
arranged  in  the  same  plane.  In  the  development  of  the  transition  complex  (A): 

+6  - 

.H 

Ar< 

O  ^OH. 

(A) 

the  arrangement  of  the  atomsaroundthe  nitrogen  will  deviate  from  the  planar  distribution  and  will  approach  the 
tetrahedral  arrangement;  this  will  upset  the  conjugation  and  lead  to  an  increased  activation  energy.  These 
hindrances,  likewise  steric  hindrances,  are  absent  during  formation  of  the  transition  complexes  of  Ar— H  witii 
the  nitronium  cation  NO^,  with  the  nitrosyl  cation  NO'*’,  and  with  the  monomer  of  nitrogen  dioxide  NOj,  which  also 
favors  their  formation. 


1379 


The  above  considerations  may  also  be  applied  to  the  understanding  of  the  characteristics  of  certain 
other  reactions. 

EXPERIMENTAL 

1.  Nitration  of  benzene  with  dilute  nitric  acid  in  sealed  tubes.  Nitration  was 
performed  in  two  sealed  tubes,  capacity  about  100  ml.  In  each  of  these  was  charged  20  ml  benzene,  20  ml 
nitric  acid,  specific  gravity  1.1,  10  g  potassium  nitrate  and  0,2  g  trioxymethylene  (the  latter  to  speed  up 
formation  of  oxides  of  nitrogen).  Heating  at  135“  was  continued  for  10  hours.  The  contents  of  the  tubes  were 
combined  and  treated  first  with  water  and  then  with  soda  solution.  Acidification  of  the  soda  extract  gave 
0.52  g  picric  acid,  m.p.  117-120“  (no  depression  in  mixed  melting  point  test).  Distillation  of  the  organic 
layer  by  heating  to  135“  at  the  ordinary  pressure  brought  over  benzene.  Distillation  was  then  continued  in 
vacuum  (12  mm)  when  0.62  g  nitrobenzene  came  over.  The  residue  (0.48  g)  in  the  distillation  flask  crystal¬ 
lized  and  gave  a  positive  reaction  with  dilute  alkali  for  symm. -trinitrobenzene.  After  a  single  recrystalliza¬ 
tion  from  alcohol  the  product  melted  at  118"  and  did  not  depress  the  melting  point  of  an  authentic  specimen 
of  symm. -trinitrobenzene. 

2.  Nitration  at  normal  pressure.  100  ml  nitric  acid  (specific  gravity  1.32),  1  benzene 
and  2  g  trioxymethylene  were  heated  in  a  flask  under  a  reflux  condenser  for  50  hours  at  a  bath  temperature 

of  60-65*.  The  acid  layer  was  then  separated  and  replaced  by  a  fresh  portion  of  nitric  acid  and  trioxymethylene 
prior  to  continued  heating  for  another  50  hours.  The  benzene  layer  was  worked  up  as  in  the  preceding  experi¬ 
ment  with  water  and  soda  solution.  From  the  soda  extract  was  obtained  1.6  g  pure  picric  acid.  The  benzene 
was  driven  off  from  the  organic  layer  under  a  low  vacuum;  then  at  about  80“  and  a  pressure  of  6  mm,  nitrobenzene 
(12  g)  came  over.  The  residue  of  2.41  g  in  the  distillation  flask  was  steam-distilled.  The  oily  distillate  (0.6  g) 
was  not  further  examined;  the  residue  (1.5  g)partly  crystallized  and  gave  a  definite  reaction  for  symm. -trinitro¬ 
benzene.  Recrystallization  from  alcohol  yielded  0.7  g  trinitrobenzene  with  m.p.  about  118“  (no  depression  in 
the  mixed  meltii^  point  test). 

3.  Demonstration  of  formation  of  symm. -trinitrobenzene  on  nitration  of 
benzene  with  nitric  acid  through  the  intermediate  interaction  of  the  hydrocarbon 
with  nitrogen  dioxide,  a)  For  the  heterogeneous  reaction.  Into  each  of  two  tubes  was  charged  2  ml 
benzene  and  40  ml  nitric  acid  (s.g.  1.1).  To  one  of  the  tubes  was  added  8  g  ammonium  nitrate  to  destroy 

any  nitrogen  dioxide  that  might  form.  To  the  other  tube  was  added  10  g  potassium  nitrate  together  with  0.05  g 
trioxymethylene  for  promoting  nitrogen  dioxide  formation.  Both  of  the  tubes  were  heated  for  4  hours  at  120*. 

In  the  first  tube,  l.e.  the  one  in  which  nitrogen  dioxide  could  not  be  formed,  the  benzene  was  entirely  unchanged 
and  could  be  dij, tilled  off  on  the  water  bath.  In  the  case  of  the  second  tube,  using  the  previously  described 
method,  separa  tion  was  effected  of  0.07  g  trinitrobenzene  and  0.05  g  picric  acid. 

Similar  experiments  usin^  nitric  acid  of  s.g.  1.2  gave  (in  absence  of  nitrogen  dioxide)  0.12  g  nitro¬ 
benzene  and  (in  presence  of  nitrogen  dioxide)  0.15  g  trinitrobenzene,  0.1  g  picric  acid  and  about  0.1  g  nitro 
benzene.  F,xperiments  with  nitric  acid  of  s.g.  1.3  gave  (in  absence  of  nitrogen  dioxide)  1.77  g  nitrobenzene 
and  (in  pre^sence  of  nitrogen  dioxide)  1.7  g  nitrobenzene,  0.15  g  trinitrobenzene  and  0.2  g  picric  acid. 

b)  For  the  homogeneous  reaction.  Into  each  of  two  tubes  was  charged  2  ml  benzene,  15  ml  glacial 
acetic  acid  and  5  ml  nitric  acid,  s.g.  1.4.  To  the  first  tube  was  added  0.5  ammonium  nitrate  to  destroy  any 
nitrogen  dioxide  that  might  be  formed,  and  to  the  second  tube  was  added  0.1  g  trioxymethylene  to  promote 
nitrogen  dioxide  formation.  From  the  reaction  mass  of  the  first  tube  (i.e.  in  the  absence  of  nitrogen  dioxide) 
was  obta.ined  1.02  g  nitrobenzene  and  traces  of  nitrophenols.  From  the  second  tube,  in  which  the  reaction  pro¬ 
ceeded  in  presence  of  nitrogen  dioxide,  were  separated  0.8  g  nitrobenzene,  0.12  g  crystalline  symm. -trinitro¬ 
benzene  and  0.17  g  picric  acid. 

SUMMARY 

In  conformity  with  the  previously  developed  theory  it  was  found  that  the  nitration  of  benzene  with 
dilute  nitiic  acid  of  s.g.  below  1.2  proceeds  substantially  only  through  intermediate  interaction  with  nitrogen 
dioxide  and  leads  to  the  formation  of  a  mixture  of  approximately  equal  parts  of  symm.-trinitrobenzene,  picric 
acid  andi  nitrobenzene.  Increasing  concentrations  of  nitric  acid  leads  to  an  increase  m  the  content  of  nitrobenzene, 
formed  witli  participation  of  nitrogen  dioxide,  in  the  reaction  product. 
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THE  BEHAVIOR  OF  KETONES  TOWARDS  AMMONIACAL  SILVER  OXIDE  SOLUTION 


V,  I.  Veksler 


In  the  scientific  literature  and  in  textbooks  is  firmly  entrenched  the  statement  that  an  ammoniacal 
solution  of  silver  oxide  is  a  specific  reagent  for  aldehydes  which  permits  aldehydes  to  be  differentiated  from 
ketones  (the  silver  mirror  test  [1]).  In  Liebig's  handbook  [2]  it  is  stated  that  the  reagent  is  prepared  by  adding 
to  the  aldehyde  under  test  a  small  amount  of  ammonia  and  a  solution  of  silver  nitrate.  Tollens  [3]  points  out 
that  the  addition  of  excess  ammonia  sharply  diminishes  the  sensitivity  of  the  reagent  described  by  Liebig. 

With  the  aim  of  eliminating  this  danger  and  also  of  increasing  the  sensitivity,  he  recommends  the  addition 
of  caustic  alkali  to  the  reagent.  Addition  of  alkali  has  also  been  recommended  for  the  purpose  of  oxidizing 
aldehydes  [4].  It  must  be  pointed  out  that  many  authors  have  referred  to  the  silver  mirror  reaction  without 
being  clear  as  to  whether  or  not  alkali  is  present. 

In  the  literature  we  have  only  found  one  reference  to  an  a  ,6'unsaturated  ketone  (3-methylcyclo- 
hexene-2-one-l)  capable  of  giving  the  silver  mirror  reaction  [5].  The  reaction  is  also  given  by  aliphatic 
diketones  [6].  No  indications  of  the  ability  of  saturated  monoketones  to  react  with  ammoniacal  silver  oxide 
solution  have  been  found  in  the  literature.  However,  as  our  investigations  have  snown,  some  ketones  react 
with  extraordinary  ease  with  the  ammoniacal  silver  oxide  solution  prepared  by  Tollens’  method  (with 
addition  of  caustic  alkali).  Examples  are  methylbenzyl  ketone,  dibenzyl  ketone,  p-tolylacetone,  and  unsymm. 
diphenylacetone.  On  addition  of  the  reagent  to  the  ketone  in  the  cold,  the  solution  at  once  darkens,  black 
metallic  silver  is  later  precipitated,  and  a  brilliant  metallic  mirror  is  formed  on  the  walls  of  the  vessel.  The 
course  of  the  reaction  is  particularly  clear  in  the  case  of  methylbenzyl  ketone,  p-tolylacetone  and  dibenzyl 
ketone.  Unsymm.  diphenylacetone  reacts  much  more  slowly.  The  reaction  velocity  is  at  a  maximum  during 
the  first  two  hours,  after  which  it  rapidly  slows  down,  coming  practically  to  a  standstill  after  48-72  hours. 

The  data  presented  below  for  the  behavior  of  ketones  towards  ammoniacal  silver  oxide  solution  were 
obtained  predominantly  with  methylbenzyl  ketone.  We  established  that  the  reagent  prepared  from  silver 
nitrate  and  ammonia  in  the  absence  of  alkali  does  not  act  upon  ketones  in  the  cold  (various  ratios  were 
tested,  ranging  from  2.3  to  10  moles  NH5  per  mole:  AgNOj).  Addition  of  alkali  in  the  equivalent  amount 
(in  relation  to  the  silver)  leads  to  an  intense  reaction.  The  excess  of  alkali  acts  as  an  accelerator.  A  large 
excess  of  ammonia  hinders  the  reaction  (see  Table  1).  Thus  the  inhibiting  action  of  excess  ammonia  on  the 
oxidation  of  aldehydes  by  silver  oxide,  as  described  in  the  literature  [3],  is  also  characteristic  of  the  present 
reaction.  The  inhibiting  effect  is  also  reported  in  the  literature  in  relation  to  oxidation  of  monohydric  alcohols, 
oxycarbonyl  compounds  and  oxyacids  [7,8,11]. 

We  also  investigated  the  action  of  the  reagent  prepared  by  solution  in  ammonia  of  freshly  precipitated 
and  washed  silver  oxide.  It  was  revealed  that  this  reagent  intensively  oxidizes  the  ketones  mentioned  even 
without  addition  of  caustic  alkali.  This  may  be  explained  by  the  obstinate  retention  by  the  precipitated  silver 
oxide  of  part  of  the  precipitating  agent  (alkali)  [12].  The  amount  of  silver  oxide  actually  participating  in  the 
reaction  (over  a  period  of  48-72  hours)  when  using  a  solution  with  a  given  concentration  of  silver,  alkali  and 
ammonia  was  found  to  depend  also  on  the  relative  amounts  of  starting  substances;  the  higher  the  ratio  of  silver 
oxide  to  ketone  the  larger  the  amount  entering  into  reaction.  Thus,  for  the  case  investigated,  when  the  initial 
ratio  of  Ag^O  to  ketone  was  raised  from  0.23  to  3.42,  the  consumption  of  silver  oxide  increased  from  0.22  to 
0.65  mole  per  mole;  of  initial  ketone  (Table  2). 

Examination  of  the  products  of  reaction  of  ketones  with  the  silver  reagent  did  not  reveal  the  presence  of 
carboxylic  acids  which  are  the  characteristic  end  products  of  conversion  of  aldehydes  under  similar  conditions. 
Apart  from  metallic  silver  the  reaction  products  contain  resinous  substances  of  a  neutral  character.  Methylbenzyl 
ketone  yielded  a  liquid  resin  with  a  yellow  color  which  hardened  slowly  in  the  air,  but  rapidly  in  presence  of 
acid.  Similar  products  were  obtained  from  the  other  ketones.  Colloidal  solutions  containing  an  organic  resin 
and  metallic  silver  in  the  form  of  a  stable  sol  were  sometimes  formed  in  experiments  using  a  low  concentration 
of  alkali  and  also  high  dilutions. 
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At  present  it  is  impossible  to  explain  the  mechanism  of  the  above  reaction.  The  ability  of  ketones  to 
react  with  ammoniacal  silver  oxide  solution  must  be  intimately  bound  up  with  the  characteristic  structures  of 
ketones.  The  ketones  investigated  are  characterized  by  the  general  structure  ArCHjCOR  or  Ar,CHCOR,  where 
Ar  is  an  aromatic  radical.  All  these  ketones  contain  the  — CHj—  (or  Z^CH-)  group  arranged  between  an 
aromatic  group  and  carbonyl,  and  the  carbonyl  group  is  located  in  the  B -position  to  the  aromatic  radical. 

Ketones  lacking  this  characteristic  structure  are  incapable  of  entering  into  reactii$h  with  ammoniacal  silver 
oxide  solution.  We  have  thus  found  that  the  following  do  not  react  under  the  described  conditions:  Methyl 
hexyl  ketone,  which  does  not  contain  an  aromatic  radical;  benzyl  ace  tone,  in  which  the  carbonyl  group  is 
separated  from  the  phenyl  radical  by  two  CH2  groups;  propiophenone,  in  which  the  carbonyl  group  directly 
adjoins  the  aromatic  nucleus.  It  is  impossible  to  assert  that  the  ability  of  ketones  to  enter  into  the  reaction 
is  associated  with  enolization,  since  ethylacetoacetate  does  not  react  with  the  silver  reagent  under  the 
specified  conditions. 

Ketones  of  the  general  formula  ArCH|COR  or  ArjCHCOR  are  distinguished  by  the  presence  of  a  reactive 
hydrogen  in  the  CHj  and  CH  groups,  due  to  the  mfluence  of  the  carbonyl  group  and  the  aromatic  radical.  This 
feature  actually  distinguxshes  them,  from  the  series  of  investigated  ketones  incapable  of  reacung  with  the  silver 
reagent,  and  evidently  this  characteristic  determines  the  course  of  the  reaction. 

It  may  be  suggested  that  silver  oxide  first  oxidizes  the  CHj  or  CH  group  and  that  the  resultant  oxidation 
products  then  condense  with  formation  of  resins.  It  is  possible,  howevei,  that  condensation  of  the  ketone  takes 
place  under  the  influence  of  the  alkali  in  presence  of  the  complex  silver  ions,  and  the  resultant  condensation 
products  undergo  oxidation  (followed  by  condensation).  Either  of  these  mechanisms  will  be  facilitated  by  the 
presence  of  an  active  CH|  or  CH  group. 

We  carried  out  blank  experiments  to  clarify  the  action  of  aqueous  solutions  of  alkali  and  ammonia  (in 
the  absence  of  silver)  on  methylbenzyl  ketone.  It  was  found  that  on  prolonged  standing  (several  weeks)  the 
ketone  is  converted  into  a  liquid  resin  which  gradually  hardens  in  the  aii.  The  aqueous  layer  then  gives  the 
silver  mirror  reaction  on  addition  of  an  ammoniacal  silver  oxide  solution,  although  it  no  longer  contains  ketone. 
The  absence  of  the  latter  is  confirmed  by  the  failure  of  the  organic  substance  extracted  from  the  aqueous  layer 
to  react  with  semicarbazide.  These  facts  support  the  second  mechanism  which  assumes  that  the  first  step  is 
condensation,  followed  by  oxidation.  It  must  be  admitted,  however,  that  in  experiments  on  the  oxidation  of 
the  ketone  with  the  silver  reagent,  the  starting  ketone  was  identified  in  the  reaction  mixture  after  the  lapse 
of  24  hours  in  spite  of  the  presence  of  unconsumed  silver  oxide.  Consequently  it  is  impossible  to  assert  that 
the  ketone  at  fust  entirely  undergoes  condensation,  and  therefore  the  results  of  the  blank  experiments  cannot 
be  regarded  as  evidence  of  the  mechanism  of  the  reaction. 

EXPERIMENTAL 

Investigated  ketones.  Methylbenzyl  ketone,  synthesized  according  to  [9],  b.p.  IIO-IIS*  (25  mm), 
n**‘®  1.51168,  1.52857,  semicarbazor«e  m.p.  181“183®;  p  iolylacetone  synthesized  according  to  [10], 

b.p.  117-118*  (16  mm);  dibenzyl  ketone  was  purified  via  the  semicarbazone,  m.p.  33“;  diphenylacetone, 
m.p.  61*;  benzylacetone,  prepared  by  hydrogenation  of  benzalacetone,  b.p.  230-232*.  In  the  control  experi¬ 
ments  freshly  distilled  ketones  were  used. 

To  ii  weighed  amount  of  ketone  in  a  flask  of  ordinary  glass  was  added  the  oxidizing  reagent,  the 
flask  was  shaken  several  times  by  hand  and  then  left  to  stand  at  room  temperature.  The  progress  of  the 
reaction  was  followed  by  titration  of  samples  with  0.01  N  KCNS  solution. 

1)  A  silver  oxide  precipitate  was  obtained  by  the  action  of  potassium  hydroxide  on  silver  acetate 
in  the  cold;  it  was  filtered,  washed  with  water,  dissolved  in  ammonia  (silver  concentration  2.23-10“®  g- 
equiv/ml;  ammonia  concentration  1.1-10“^  mole/ml).  To  1  g  methylbenzyl  ketone  was  added  300  ml 
of  the  aiTtmoniacal  solution.  The  solution  became  noticeably  darker  after  a  few  minutes  and  a  silver 
mirror  was  subsequently  formed.  The  silver  content  of  the  solution  after  24,  72,  and  144  hours  was  res¬ 
pectively  0.46,  0.31,  and  0.29-10“®  g-equiv. /ml  (temperature  13-16*). 

2'’,  The  oxidizing  solution  was  prepared  by  adding  sodium  hydroxide  and  ammonia  to  a  silver  lutrate 
solution  (silver  concentration  2.25-10’’®;  ammonia  concentration  2*10“^;  concentration  of  excess  alkali  2.3-10"®  g 
equiv/m’l).  250  ml  of  the  solution  was  run  into  1.5  g  methylbenzyl  ketone.  After  24  hours  the  silver  content  of 
the  solution  was  0.35-10"®  g-equiv/ml.  The  aqueous  solution  was  run  through  a  filter,  the  precipitate  on  the 
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filter  and  at  the  bottom  of  the  flask  (mirror)  was  washed  with  alcohol  and  then  carefully  washed  several  times 
with  ether.  After  evaporation  of  the  solvents  in  vacuum,  the  alcohol -ether  extract  gave  0.8  g  of  viscous 
resin  with  a  light-yellow  color.  The  resin  gradually  hardened  when  kept  in  a  desiccator  over  calcium  chloride. 

The  aqueous  layer  was  extracted  with  ether;  evaporation  of  the  ether  left  0.3  g  oil  which  formed  a  semicarba- 
zone  with  m.p.  179-180*;  the  melting  point  of  the  mixture  with  the  semicarbazone  of  the  original  ketone  was 
179-181*.  The  precipitate  on  the  filter  and  at  the  bottom, of  the  flask  (metallic  silver)  dissolved  completely 
in  50<7o  HNO,. 

3)  The  oxidizing  solution  was  prepared  from  equivalent  amounts  of  AgN05  and  NaOH  with  addition  of 
ammonia  until  the  AgjO  precipitate  dissolved.  200  ml  of  the  solution  was  added  to  0.5  g  methylbenzyl  ketone. 
After  72  hours  the  silver  concentration  had  fallen  from  3.3  to  0.8- 10"®  g-equiv/ml.  The  aqueous  solution  was 
poured  through  a  filter,  the  precipitate  on  the  filter  and  at  the  bottom  of  the  flask  was  repeatedly  treated  with 
ether.  The  ether  extract  was  evaporated  in  vacuum,  leaving  a  viscous  resin  with  a  pleasant  fresh  odor. 

With  the  aim  of  checking  the  ketone  content  of  the  resin,  it  was  treated  with  alcohol  when  it  partially  dis¬ 
solved.  Semicarbazide  solution  was  added  to  the  alcoholic  extract;  a  resin  was  precipitated  which  was  completely 
soluble  in  ether;  no  semicarbazone  was  obtained.' 

After  evaporating  the  ethereal  solution  of  the  resin  in  a  vacuum  desiccator  over  sulfuric  acid,  the  resi¬ 
due  had  a  yellow-orange  color  and  could  be  readily  ground  to  a  powder.  This  had  a  faint  odor.  It  softened  and 
melted  gradually  over  the  range  of  92-120*. 

When  the  resin  from  which  the  ethereal  extract  had  been  made  had  been  kept  over  sulfuric  acid  in  a 
vacuum  desiccate®  for  several  days,  it  was  converted  into  a  fine  red  powder  with  a  faint  odor,  melting  gradually 
between  62-75*. 

0.0885  g  substance:  0.2638  g  COj.  0.0851  g  substance;  0.2532  g  COj;  0.0500  g  HjO.  Found  °]o:  C  81.3, 

81.2;  H  6.6.  CgHjiP.  Calculated  C  80.6;  H  7.05. 

4)  Mixtures  were  prepared  from  silver  oxide  and  silver  nitrate  with  various  proportions  of  alkali  and 
ammonia.  To  the  mixtures  were  added  weighed  amounts  of  methylbenzyl  ketone.  After  72  hours  samples  were 
titrated.  Some  data  illustrating  the  results  obtained  are  presented  in  Table  1. 


TABLE  1 

CONSUMPTION  OF  SILVER  OXIDE  FOR  OXIDATION  OF  METHYLBENZYL 

KETONE  AS  A  FUNCTION  OF  THE  INITIAL  CONCENTRATION  OF  ALKALI 
AND  AMMONIA  (after  72  hours) 

A  sample 
of  experi¬ 
ment  10  was 
placed  in  a 
vacuum  desic¬ 
cator  in  the 

cold  under  a 
residual  pres¬ 
sure  of  25  mm. 

No. 

Weight  of  ke¬ 
tone 

Vol. 

of 

solu¬ 

tion 

(ml) 

Concentration  of  initial  reagents  (j 

5-equiv/ml) 

Consump¬ 
tion  of 

silver 
(g-equiv  • 
•10®) 

Molar  ratio 

of  consumed 
AgiO  to  ini¬ 
tial  ketone 

Silver  (•  10®)  1 

NaOH 

NHjf-lO®) 

g 

rnole*  : 
•lO^ 

Taken  | 
in  form ! 
of  AgjO! 

Taken 

in  form 
of  AgNOs 

1 

0.057 

4.26 

20 

2.48 

— 

— 

1.5 

34.8 

0.41 

w  11X1  pru 

gressive  loss 

2 

1.0 

75 

300 

2.23 

- 

- 

1.1 

585 

0.39 

of  ammonia 

3 

0.057 

4.26 

20 

2.48 

1 

5-10'® 

1.5 

j  36.4 

0.43 

the  reaction 

4 

0.057 

4.26 

20 

2.48  ! 

1 

S-IO"'* 

1.5 

!  49.2 

0.53 

(darkening 

5 

0.057 

4.26 

20 

- 

1.83 

- 

0.9 

0 

0 

and  a  silver 

6 

0.057 

4.26 

20 

- 

1.90 

4.5-  lO"^ 

I 

0 

0 

precipitation) 

7 

0.057 

4.26 

20 

- 

1.83 

5*  10"® 

0.9 

8.4 

0.1 

became  more 

8 

0.057 

4.26 

20 

- 

1.83 

5  •  10“® 

0.9 

35.6 

0.42 

and  more  in¬ 

9 

0.057 

4.26 

20 

- 

1.83 

5- 10"® 

0.9 

36.6 

0.43 

tense. 

10 

0.057 

4.26 

23 

— 

1.82 

4.4- 10"® 

i  43.5 

0 

0 

5)  Weighed 

amounts  of 


methylbenzyl  ketone  were  taken  in  the  approximate  ratios  of  1:2:4:8:16.*  To  each  was  added  25  ml  alkaline  ammonia- 
cal  silver  oxide  solution  (silver  concentration  2.25  •  10"®;  ammonia  concentration 2. 0  •  10“^;  excess  alkali  as  calculated 
2.3  •  10"®  g-equiv;/ml).  After  96  hours  the  silver  concentration  was  determined  and  the  consumption  of  Ag^O  per  mole 
of  ketone  was  calculated.  Data  showing  the  relation  between  silver  oxide  consumption  and  the  initial  ratio  of  reagents 
are  presented  in  Table  2. 

•  Publisher's  note.  The  ratios  are  actually  those  of  Ag20  to  ketone  (see  third  column  of  Table  2). 
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TABLE  2 

DEPENDENCE  OF  THE  CONSUMPTION  OF  SILVER  OXIDE  ON 
THE  RATIO  OF  SILVER  OXIDE  TO  KETONE 


6)  0.05  g  methylbenzyl  ketone  was 
allowed  to  sund  with  140  ml  of  2.5 <1^  solu¬ 
tion  of  NaOH.  After  18  days  a  liquid  resin 
(0.25  g)  with  a  yellow  color  had  formed  at 
the  bottom.  Part  of  filuate  (90  ml)  was  ex¬ 
tracted  several  times  with  ethyl  acetate. 

After  driving  off  the  solvent  there  remained 
0.1  g  of  liquid  which  did  not  react  with  semi- 
carbazide  .  To  the  remaining  50  ml  of  fil¬ 
trate  was  added  10  ml  of  ammoniacal  (alka¬ 
line)  silver  oxide  solution  (silver  concen¬ 
tration  3  ♦  10"*  g  -cquiv/ml).  Darkening 
immediately  developed.  By  the  next 
morning  there  was  no  silver  in  solution, 

and  at  the  bottom  was  a  precipitate  of  metallic  silver,  also  an  organic  substance.  Consequently  the  aqueous  layer 
contains  a  substance  which  does  not  react  with  semicarbazide  but  is  susceptible  to  oxidation  by  ammoniacal  silver 
oxide  solution. 


Weight  of  ketone 

Initial  molar 
ratio  Ag|0: 
ketone 

Final  silver 

concentra¬ 
tion  (g-equiv/ 
ml*  10*) 

Molar  ratio 
of  Ag|0 
consumed  to 
initial  ketone 

8 

mole 

0.1630 

1.2*10-* 

0.23 

0.09 

0.22 

0.0975 

0.73  •  10"* 

0.38 

0.67 

0.27 

0.0450 

0.43*  10‘* 

0.83 

0.25 

0.37 

0.0220 

1.6*10"* 

1.71 

1.48 

0.58 

0.0110 

0.82  •  10"* 

3.42 

1.83 

0.64 

SUMMARY 

It  is  shown  that  a  series  of  alkaryl  ketones  of  the  general  formula  ArCl^CCX^Hg  or  Ar|CHCOCI^  reacts  in  the 
cold  with  alkaline  ammoniacal  silver  oxide  solution  to  form  a  silver  mirror.  In  the  light  of  these  data  the  alkaline 
ammoniacal  silver  oxide  solution  is  not  a  specific  reagent  for  differentiating  aldehydes  &om  ketones. 
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THE  ACTION  OF  ETHYL  CHLOROCARBONA  TE 


UPON  ORGANOMAGNESIUM  COMPOUNDS 


A.  I.  Krutman 


The  reaction  between  organometallic  compounds  and  esters  of  haioacids  was  first  studied  by  A.  M.  Butlerov 
[1].  He  obtained  the  following  reaction  on  treating  methyl  zinc  with  ethyl  chlorocarbonate:  2ClCOOCjl%+  Zn(CH5)2  = 
=  2CO2  +  2C2H4  +  2  CH  +  ZnClj.  On  reacting  methyl  zinc  with  methyl  chlorocarbonate  Butlerov  obtained:  CC^,  CHjCl 
and  CjH*.  In  1903  a  paper  appeared  by  A.N.  Reformatsky  £2]  on  the  synthesis  of  tertiary  alcohols  by  the  action  of 
allyl  iodide  and  zinc  on  esten  of  halo  acids  in  ethereal  solution,  when  he  obtained  alcohols  with  three  olefinic  bonds. 

He  i»-oposed  a  reaction  mechanism  Later  authors  [3]  worked  with  esters  of  halo-substituted  acids  and  halogenated  or- 
ganomagnesium  compounds.  Later  still  lotsich  [4]  obtained  triallylene  carbinol  and  Matsurevich  [5]  triethyl  carbinol 
and  tripropyl  carbinol. 

The  aim  of  our  investigation  was  the  further  study  of  this  reaction  and  the  preparation  with  its  help  of  sub¬ 
stances  about  which  little  has  been  published.  Our  researches  indicate  the  applicability  of  this  reaction  not  only 
to  the  preparation  of  tertiary  alcohols  but  also  to  the  preparation  of  esters.  For  the  preparation  of  the  former  a 
large  excess  of  the  organo magnesium  compound  is  taken  and  is  added  to  the  chlorcarbonic  ester,  while  for  the 
preparation  of  esters  the  starting  products  are  taken  in  equal  amounts,  the  chlorocarbonic  ester  being  added  to  the 
formed  orga nomagnesium  compound.  The  reaction  proceeds  according  to  the  scheme  put  forward  by  A.N.  Reformat- 
shy.  It  can  likewise -proceed  according  to  Houben’s  scheme. 

EXPERIMENTAL 

1.  Synthesis  of  triallylcarbinol.  AUyl  magnesium  bromide  was  prepared  in  a  three-necked  round-bottomed 
flask  fitted  with  a  mercury  seal,  a.  mechanical  stirrer,  a  reflux  condenser  and  a  dropping  funnel.  Its  yield  was  checked 
by  titration  of  a  sample  with  0.1  N  sulfuric  acid  using  methyl  orange  as  indicator.  Through  one  of  the  necks  of  the  flask 
was  inserted  a  siphon,  and  a  second  opening  served  for  withdrawal  of  samples.  During  the  reaction  the  latter  opening 
was  closed.  For  the  performance  of  the  second  stage  of  the  reaction,  i.e.  the  reaction  with  ethyl  chlorocarbonate,  the 
ethereal  solution  of  allyl  magnesium  bromide  was  siphoned  under  iMressure  of  dry  hydrogen  into  another  flask  likewise 
equipped  with  mechanical  stirrer,  reflux  condenser  and  dropping  funnel.  A  special  device  was  inserted  in  the  siphon 
for  trapping  the  fine  magnesium  turnii^s.  In  the  course  of  stirring  over  a  period  of  two  hours  addition,  was  made  to 
the  ether  solution  of  the  complex  of  the  calculated  amount  of  freshly  distilled  ethyl  chlorocarbonate  dissolved  in 
three  times  the  volume  of  absolute  ether.  With  progressive  addition  of  the  ethyl  chlorocarbonate  the  temperature 
of  the  liquid  rose  and  it  became  lighter  in  color.  The  reaction  was  completed  by  heating  on  a  hot  water  bath.  The 
end  of  the  reaction  was  checked  by  the  colo.r  reaction  of  Gilman  and  Schultze  [6].  The  contents  of  the  flask  were  then 
decomposed  with  ice  and  sulfuric  acid,  and  the  ether  layer  was  separated  from  the  aqueous  layer.  The  latter  was  twice 
extracted  with  ether  and  the  extracts  added  to  the  main  layer.  The  combined  ether  layer  was  washed  with  lOljfc  sodium 
carbonate  solution  and  after  separation  it  was  dried  with  calcium  chloride.  The  ether  was  distilled  off,  leaving  in  the 
flask  a  yellowish  liquid  boiling  at  189-192*.  This  was  a  mobile  liquid  with  a  faint  yellow  color  and  a  terpene^ike 
odor,  insoluble  in  water,  readily  soluble  in  alcohol  and  ether.  It  does  not  oxidize  in  the  air.  After  keeping  for  about 
a  year  the  preparation  had  scarcely  changed  in  boiling  point.  Its  constants  and  analvsis  are  detailed  in  Table  1.  It 
gave  a  positive  reaction  f<x  teriary  alcohols  in  the  Deniges  test  [7],  The  phenylurethane  melts  at  239*.  All  the 
analyses  confirm  the  preparation  of  triallylcarbinol. 

This  carbinol  was  prepared  for  the  first  time  by  A.N,  Reformatsky  [8]  by  the  action  of  zinc  on  1  mole  ethyl 
chlorocarbonate  and  3  moles  allyl  iodide  in  ether  solution.  The  experiment  lasted  3  months.  Reformatsky  attempted 
to  conduct  the  reaction  in  presence  of  metallic  magnesium  (in  place  of  zinc),  but  it  proceeded  ^atner  stormily  with 
much  heat  development  even  with  good  cooling  and  slow  addition  of  the  ethereal  solution  of  the  mixture  of  allyl 
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TABLE  1 


Triallyl  carbinol 

B.p. 

aZI 

MRjj 

Parachor* 

Found  <7o  1 

Reaction 

Dura- 

Yield 

"d 

C 

H 

1 _ _ _ 

with 

LcgHgNCO 

<^OH* 

tion  of 

expt. 

(in 

*7o) 

Our  {reparation 

Reformatsky's  prep- 

189-192* 

0.8791 

1.468 

47.8933 

391.2 

78.41 

79.31 

10.62 

10.82 

Reacts 

10.88 

10-12 

hours 

66.66 

aration  [8] 

191-192* 

0.8781 

1.468 

47.8933 

78.64 

178.52 

10.76 

10.63 

' 

3  mos. 

27.50 

•  CuHjp.  Calculated:  MRjj  48.15;  P  404.b;%:  C  78.94.  H  10.52;  OH  10.17. 


TABLE  2 


Tri-n-butylcarbinol 

B.p. 

d« 

MRp* 

Parachor* 

Found  ^  j 

Reaction 

Yield 

"D 

C 

1 

H 

with 

.  CgHsNCO 

*55)  OH* 

(in 

Our  {reparation 

129-132* 

0.8332 

1.4370 

62.338 

550.4 

77.65 

1^:74 

Reacts 

8.2 

81.25 

Ivanov's  preparation 
[10] 

at  20  mm 

120 

at  10  mm 

di* 

0.8440 

"if 

1.4448 

77.94 

14.38 

i 

Does  not 
'  react 

i  51.00 

•CuHjA  Calculated  MRp  63.76;  P  554.59;  C  78.00;  H  14.00;  OH  8.5. 


iodide  and  haloester  to  the  magnesium.  This  variant  was  th^efore  considered  unsuitable  the  preparation  of  unsaturated 
compounds.  Re  forma  tsk^'s  piethod  also  involved  large  losses  of  allyl  iodide  by  evaporation  over  the  long  period  of  the 
reaction. 

2.  Synthesis  of  tri^-butyl  carbinol.  Butyl  magnesium  bromide  prepared  in  the  above-described  apparatus  by  the 
usual  method  was  transferred  to  the  other  flask.  Ethyl  chlorocarbonate  was  introduced  over  a  period  of  2  hours.  Heat 
was  evolved  also  in  this  reaction.  The  reactionproduct  was  decomposed  and  worked  up  as  in  Experiment  1.  Following 
the  distillation  of  the  ether  the  flask  contained  a  syrupy,  light-yellow  liquid.  Fractionation  yielded  a  fraction  boiling 
at  129-132*  (20  mm).  Its  constants  and  analysis  are  detailed  in  Table  2.  The  phenylurethane  formed  light-yellow 
crystals,  m.p.  147.5*.  Deniges*  reagent  gave  a  negative  result. 

Tri-fl-butylcarbinol  was  obtained  by  Moyer  and  Marvel  [9]  from  butyl  magnesium  bromide  and  ethyl  carbonate 
in  84*51)  yield.  B.  P.  129-131*  (20  mm).  Some  data  are  reported  by  Ivanov  [10]  who  obtained  the  alcohol  from  butyl 
magnesium  bromide  and  CO^. 

3.  Synthesis  of  triisoamylcarbinol.  Isoamyl  magnesium  bromide  was  prepared  by  the  usual  method.  The  pro¬ 
cedure  for  the  second  stage  of  the  synthesis  was  the  same  as  above  After  removal  of  the  ether  the  flask  contained  a 
colorless,  viscous  liquid  which  was  distilled  under  reduced  pressure.  Fractionation  yielded  a  fraction  with  b.  p.  136- 
140*  (at  10  mm),  soluble  in  alcohol  and  ether.  Yield  88*70  of  ihe  theoretical.  Negative  reaction  in  the  Deniges  test, 
dj*  0.8362;  i^®  1.443;  MR^  75.088;  calculated  77.61;  o  30.61. 

ParachOT.  Found:  P  680.6;  calculated  671.5.  Found  *55»:  C  79.39;  H  14.10;  OH  6.63.  CigHj^O.  Calculated 

C  79.30;  H  14.05;  OH  7.02.  The  phenylurethane  melted  at  147.8*. 

Triisoamylcarbinol  was  first  {xepared  by  Grignard  [11]  from  carbonyl  chldride  and  isoamyl  magnesium  bromide 
with  b.  p.  140*  (10  mm).  There  are  no  other  data  in  the  literature. 

4.  Synthesis  of  ethyl  propionate.  The  prepared  ethyl  magnesium  bromide  was  charged  into  a  flask  containing 
the  equivalent  amount  of  ethyl  chlcuiocarbonate.  Fractionation  of  the  reaction  product  gave  a  fraction  (yield  50*^) 
boiling  at  99-105*;  4*  0. 9547;  ■f}  1.333;  MRjj  26.709;  calculated  26.944.  Analysis  of  the  silver  salt  of  propionic 
acid  following  hydrolysis  of  the  ester:  Ag  61.02*5b;  Calculated  59.64^.  Only  the  following  constants  appear  in  the 
literature  [12]  for  ethyl  propionate:  b.  p.  98-99*;  d*®  0.8907; 

5.  Synthesis  of  ethyl  valerate.  The  method  of  iweparation  was  the  same  as  in  the  preceding  experiment. 
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Fractionation  gave  a  fraction  (yield  20^o)  boiling  at  32-40"  (10  mm);  d|0  0.8828;  njj  1.412;  MRj)  36.18.  The  pre¬ 
pared  ester  was  hydrolyzed.  The  silver  salt  of  valeric  acid  gave  (<7o):  Ag  50.29;  calculated:  51.64.  In  the  literature 
the  following  constants  are  reported  for  ethyl  valerate  [13]:  b.p.  144.4"  (at  736.5  mm);  d*®  0.8765. 

6.  Synthesis  of  ethyl  isocaproate.  Preparation  was  by  the  same  method  as  in  the  previous  experiment.  Yield 
29’Jo  of  the  theoretical.  A  fraction  boiling  at  50-53"  (10  mm)  was  isolated;  clj®  0.8700;  1.405;  MRp  39.72;  calcu¬ 

lated  40.11.  The  ester  was  hydrolyzed  and  the  silver  salt  of  isocaproic  acid  was  obtained.  Found  (^)%  Ag  47.97;  cal¬ 
culated  48.38.  The  constants  given  in  the  literature  [14]  for  ethyl  isocaproate  are:  b.p.  160.4"  (737  mm);  d*®  0.8705. 

SUMMARY 

1.  In  a  series  of  experiments  it  was  established  that  tertiary  alcohols  (both  saturated  and  unsaturated)  and 
esters  are  obtained  by  the  reaction  of  ethyl  chloro-carbonate  with  organomagnesium  compounds, 

2.  Tri-n-butylcarbinol  and  triisoamylcarbinol  (about  which  there  is  little  information  in  the  literature)  were 
prepared  and  investigated. 

3.  The  method  of  preparation  of  triallylcarbinol  has  certain  advantages  over  Reformatsky’s  method,  namely: 
Reduction  in  the  duration  of  the  reaction  from  3  months  to  10-12  hours  and  a  considerable  decrease  in  the  loss  of 
starting  materials. 

4.  The  Deniges  reaction  is  not  characteristic  for  all  tertiary  alcohols.  In  particular  it  gives  negative  results 
with  trim -butylcarbinol  and  triisoamycarbinol. 
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BIS-TRICHLOROPHOSPHAZOSULFONE 


A.  V.  Kirsanov 


For  the  purpose  of  investigating  the  trichlorophosphazosulfone  grouping  (I)  it  would  be  interesting  to  have  a 
compound  in  which  the  properties  of  the  trichlorophosirtiazosulfone  group  were  not  obscured  by  those  of  any  other 
combined  groups. 

At  the  ixesent  time  two  types  of  phosphazosulfone  compounds  are  known:  Trichlorophosphazosulfone  aryls 
(II)  [1]  and  the  anhydride  of  trichlorophosphazosulfuricacid  chloride  (III)  [2].  In  the  first  type  the  trichlorophos¬ 
phazosulfone  group  is  combined  with  various  aryl  radicals,  in  the  secondtype  with  chltvine.  Consequently  in  the 
trichlorophosphazosulfone  aryls  the  properties  of  the  aryl  radicals  are  superposed  on  those  of  the  trichlorcphosiAazo 
group,  and  the  anhydride  of  trichlorphosphazosulfuric  acid  is  both  a  trichlorophosphazosulfone  compound  and  the 
anhydride  of  a  chlorosulfonic  acid. 

A  compound  with  a  "pure"  trichlorophosphazosulfone  group  not  bound  to  any  "foreign*  groups  is  bistrichloro- 
phosphazosulfone  (IV)  which  is  undoubtedly  the  best  model  for  a  study  of  the  properties  of  the  trichlorophosi^azo- 
sulfone  group.  Compound  (IV)  has  so  far  be  en  unknown.  The  objective  of  the  present  investigation  was  its  prepara¬ 
tion. 


-SO,-N=PClj  (I);  ArSOjN=PCls  (H);  ClSO,N==PCl,  (IH);  Cl,P=NSO,N=PCl3  (IV). 

For  the  purpose  of  preparation  of  bistrlchlorophosphazosulfone  the  same  route  was  selected  as  for  the  prepara¬ 
tion  of  other  trichlorophosphazosulfone  compounds  [1,2],  i.e.,  the  action  of  phosphorus  pentachloride  on  the  appro¬ 
priate  sulfamide,  in  this  case  the  simplest  sulfamide,  according  to  the  equation: 

2PCI5  +  NHjSC^NH,  4HC1  +  Cl,P=NSOjN=PClj. 

It  transpired  that  the  reactio  n  i^oceeds  very  readily  in  this  direction,  even  at  room  temperature,  and  is  ac¬ 
companied  by  development  of  heat.  At  100*  the  reaction  proceeds  violently  and  is  completed  in  a  few  minutes. 

It  is  more  convenient  to  perform  the  reactio  n  at  first  at  50-60*  and  to  raise  the  temperature  to  100*  only  towards 
the  end.  If  the  selected  reactants  are  chemically  pure  substances  in  exactly  stoichiometric  proportions,  or,  better, 
with  a  slight  excess  of  phosphorous  pentachloride,  then  the  quantity  of  hydrogen  chloride  separated  and  the  amount 
of  bistrlchlorophosphazosulfone  formed  are  respectively  within  1.0  and  0.3^  of  the  theoretical  amounts. 

As  first  prepared,  bistrlchlorophosphazosulfone  is  a  colorless  liquid  resemblii^  glycerol  in  viscosity  and  appear¬ 
ance.  After  two  weeks  one  of  the  specimens  had  crystallized  to  a  lustrous,  perfectly  dry  and  very  hard  mass  meltii^ 
at  40.5  (maximum  from  39*)  -  41.5*  (the  latter  with  the  thermometer  bulb  immersed  in  the  liquid).  The  melted 
substance  very  easily  supercools,  and  in  the  absence  of  seeds  it  can  be  kept  in  liquid  form  at  room  temperature  for 
many  days.  The  substance  is  readily  soluble  in  benzene,  toluene,  ether  and  acetonej  difficultly  soluble  in  petroleum 
ether.  Bistrlchlorophosphazosulfone  does  not  fume  in  the  air  but  very  quickly  deliquesces.  Firie  crystals  of  the  com¬ 
pound  react  quietly  with  water.  When  larger  crystals  (0.2-0.3g)  are  introduced  into  water,  the  substance  at  first 
spreads  out  and  then  rapidly  dissolves  with  evolution  of  heat  and  with  a  characteristic  noise.  Large  amounts  react 
with  water  instantaneously  and  very  violently.  If  a  small  quantity  of  bistrlchlorophosphazosulfone  is  placed  on  a 
wet  filter  paper,  a  violent  reaction  starts  within  a  few  seconds,  the  paper  c'nars,  and  a  strong  odor  of  burnt  sugar 
is  developed.  Bistrlchlorophosphazosulfone  vigorously  reacts  with  aqueous  and  anhydrous  ammonia,  amines,  alco¬ 
hols,  phenols,  and  organometallic  compounds.  In  a  vacuum  of  0.5  mm  it  does  not  distill  undecomposed. 

• 

Bistrlchlorophosphazosulfone  is  very  difficult  to  recrystallize  because  of  its  exceptional  ease  of  solution  in  the 
majority  of  organic  solvents;  from  a  mixture  of  solvents  with  petroleum  ether  it  separates  as  an  oily  layer. 

About  50  g  of  substance  separates  from  a  solution  of  110.0  g  bistrlchlorophosphazosulfone  in  5.0  ml  benzene 
at  20*.  Consequently,  at  20*  about  60  g  bistrlchlorophosphazosulfone  is  dissolved  in  5.0  ml  benzene.  The  bistri- 
chlorophospliazosulfone  obtained  by  recrystallization  from  benzene  is  in  the  form  of  large,  colorless,  transparent 
platelets  with  a  length  of  up  to  8  mm.  It  will  be  well  understood  that  all  possible  precautions  against  access  of 
moisture  from  the  air  must  be  applied  to  the  substance  and  its  solution.  Fortunately,  the  {reparation  of  chemically 
pure  bistrlchlorophosphazosulfone  does  not  necessitate  recrystallization,  for  the  perfectly  pure  substance  can  be 


easily  obtained  directly  from  the  reaction  without  any  special  purification,  but  this  calls  for  the  use  of  perfe  ctly 
pure  starting  materials  and  thorough  removal  of  the  excess  of  phosphorus  pentachloride  by  heating  in  vacuum. 

EXPERIMENTAL 

Quantitative  experiment.  Into  a  round-bottomed  two-tiecked  100  ml  flask  were  introduced  0.21  mole  pure 
phosphorus  pentachloride  (43.74  g)  and  0.1  mole,  pure  sulfamide  (9.61  g)  which  had  been  thoroughly  dried  in  vac¬ 
uum.  A  cork  was  at  once  attached  in  which  was  inserted  a  reflux  condenser  with  a  broad  tube  serving  as  a  receiver 
for  the  excess  phosphorus  pentachloride,  and  a  narrow  tube  for  escape  of  the  hydrogen  chloride.  A  slow  stream  of 
dry  air  was  passed  through  the  second  tube  throughout  the  whole  period  of  the  experiment.The  top  end  of  the  re¬ 
flux  condenser  was  connected  to  two  absorbers  containing  0.6  equivalents  of  potassium  hydroxide  dissolved  in  900 
g  water.  The  flask  was  rotated  and  shaken  to  facilitate  mixing  of  the  sulfamide  with  the  phosphorus  pentachloride. 
Hydrogen  chloride  at  once  begins  to  come  off,  as  indicated  by  the  "currants"  in  the  first  absorber.  Through  the  re¬ 
flux  condenser  is  passed  iced  water  in  order  to  retain  the  phosphorus  pentachloride  as  well  as  possible,  and  the  flask 
is  immersed  in  a  water  bath  heated  to  60*.  Evolution  of  hydrogen  chloride  is  intensified;  after  a  few  minutes  the 
reaction  mixture  begins  to  liquefy  and  after  6-7  minutes  it  has  the  appearance  of  a  semiliquid  gruel.  After  20  min¬ 
utes  the  bath  temperature  is  raised  to  90*  and  after  30  minutes  the  reaction  is  at  an  end.  The  reaction  mass  is  a 
colorless,  transparent  liquid  in  which  float  a  few  particles  of  excess  phosphorus  pentachloride.  In  the  reflux  con¬ 
denser  and  on  the  cold  parts  of  the  flask  is  deposited  a  thin  layer  of  phosphorus  pentachloride.  The  stream  of  dry 
air  is  passed  through  for  a  further  15  minutes,  after  which  the  contents  of  the  absorbers  are  mixed  aixi  made  up  with 
water  to  a  weight  of  1000  g. 

Neutralization  of  25.00  g  of  the  solution  required  24.52  ml  0.2  N  acid.  Found.*  0.4038  equivalent  of  hydro¬ 
gen  chloride.  Calculated  (from  the  reaction  equation):  0.4000  equivalent. 

The  amount  of  hydrogen  chloride  found  is  thus  0. 95^  mote  than  the  calculated  amount.  The  probable  ex¬ 
planation  of  this  is  that  the  phosphorus  pentachloride  was  not  fully  condensed  in  the  condenser  tube  and  was  partly 
entrained  by  the  stream  of  hydrogen  chloride  and  dry  air.  In  order  to  remove  the  excess  of  phosphorus  pentachlor¬ 
ide,  the  tube  through  which  air  was  blown  was  closed,  the  upper  end  of  the  condenser  was  connected  to  a  vacuum 
and  the  flask  was  heated  on  a  boiling  water  bath  so  that  the  entire  surface  of  the  flask  was  heated  by  steam.  If 
this  is  not  done,  part  of  the  phosphcwus  pentachloride  is  deposited  in  the  neck  of  the  flask.  The  phosphorus  penta¬ 
chloride  is  completely  removed  in  the  course  of  one  hour  at  a  vacuum  of  6-8  mm  and  at  the  temperature  of  the 
boiling  water  bath.  Bistrichlorophosphazosulfone  remains  in  the  flask  in  the  form  of  a  transparent,  colorless  liquid 
which  at  once  crystallizes  after  cooling  and  seeding.  Weight  of  product  36.81  g  or  100.3<5l)  of  the  theoretical  amount 
calculated  on  the  sulfamide.  M.p.  39.7-41.0.  After  heating  in  a  2  mm  vacuum  at  130®  for  15  minutes,  the  melt¬ 
ing  point  rose  to  40.5-41.5*.  Addition  of  a  little  dry  benzene  to  themelted  substance  followed  by  cooling  caused 
the  bistrichlorophosphazosiiilfone  to  crystallize  in  the  form  of  large,  dense  transparent  platelets  with  the  same  melt¬ 
ing  point  (see  general  part). 

Preparation  of  bistrichloroi^osphazosuifone.  Into  a  round -bottomed  halHiter  flask  are  introduced  0.3  mole 
dry  sulfamide  (28.83  g)  and  0.63  mole  pure  phosphorus  pentacnloride  (131.24  g).  The  flask  is  closed  with  a  cork 
through  which  passes  a  broad  reflux  condenser  whose  upper  end  is  connected  to  a  downwardly  sloping  glass  tube 
20-30  cm  in  length  and  3-4  mm  in  diameter.  This  tube  takes  the  place  of  a  calcium  chloride  tube.  The  reaction 
mixture  is  well  stirred  by  rotating  the  flask  which  is  then  placed  on  a  water  bath  heated  to  60-70*.  The  reaction 
proceeds  as  in  the  quantitative  experiment.  At  the  end  of  the  reaction  the  upper  end  of  the  reflux  condenser  is 
ccmnected  to  a  vacuum  and  the  total  surface  of  the  flask  is  heated,  first  for  one  hour  on  the  boiling  water  bath 
and  then  for  15-30  minutes  on  an  oil  bath  at  130*.  Starting  from  perfectly  pure  substances,  the  yield  of  bisuichlo- 
roirfiosphazosuifone  is  about  \QQP]o  of  theory  and  the  m.  p.  is  40.5-41.5®.  If  technical  phosphorus  pentachloride  has 
been  used  the  melting  point  is  depressed  by  several  degrees.  Ca«e  should  be  taken  that  there  is  a  slight  excess  of 
phosphorus  pentachloride.  When  working  with  technical  phosphorus  pentachloride  it  must  be  remembered  that  it 
contains  a  fairly  large  proportion  of  phosphorus  oxychloride  so  that  it  might  easily  happen  that  there  is  an  excess 
of  sulfamide.  If  there  is  a  slight  excess  of  sulfamide  the  melting  point  of  the  product  is  lowered  by  3-4°  and  a 
large  proportion  of  the  sulfamide  rapidly  crystallizes  from  the  liquid  bisttichlorophosphazosuifone  in  the  form  of 
transparent  thin  platelets.  F<m  complete  removal  of  the  sulfamide  the  product  must  be  dissolved  m  three  times 
the  volume  of  dry  benzene,  the  sulfamide  sucked  off,  and  the  benzene  driven  off  in  vacuum;  however,  it  is  best 
so  to  conduct  the  reaction  that  an  excess  of  phosphorus  pentachloride  is  present.  For  the  properties  of  bistrichloro¬ 
phosphazosulfone  see  the  general  part. 
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Analyses  of  bistrichlorophosphazosulfone.  Analyses  were  performed  on  the  substance  with  m.p.  40.5-41.5", 
prepared  from  chemically  pure  materials  The  molecular  weight  was  determined  by  the  cryoscopic  method  in  ben¬ 
zene  solution.  Nitrogen,  sulfur,  phosphorus  and  chlorine  were  determined  by  the  usual  methods  after  hydrolysis  of 
the  weighed  sample  of  bistrichlorophosphazosulfone  in  aqueous  solution.  The  acids  were  titrated  after  hydrolysis, 
using  thymolphthalein  as  indicator. 

0.2114  g,  0.2367  g  substance;  0.3723  g,  0.4162  g  AgCl.  0.4979  g,  0.4857  g  substance;  0.3158  g,  0.3095  g 
BaS04.  0.5891  g,  0.5426  g  substance;  0.3560  g,  0.3274  g  MgjPjQy.  0.7068  g,  0.7886  g  substance:  19.35  ml, 
21.62  ml  0.2  N  Acid.  0.1184  g,  0.1079  g  substance:  19.41  ml,  17.68  ml  0.2  N  alkaU.  0.1591  g,  0.3291  g 
substance;  20.0  g  benzene:  At  0.112",  0.235".  Found  <^oi  Cl  57.88,  57.80;  S  8.71,  8.75;  P  16.82,  16.79; 

N  7.67,  7.68.  Equivalents  of  acid  on  hydrolysis:  12.03,  12.02i  M  360.1,  355.0.  Cl^P|NgO{.  Calculated  ‘J'o: 
Cl  57.99;  S  8.74;  P  16.89;  N  7.68.  Equivalents  of  acid  on  hydrolysis:  12.00;  M  366.8. 

SUMMARY 

Bistrichlorophosphazosulfone  has  been  prepared  and  some  of  its  properties  described. 
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REACTIONS  OF  ALIPHATIC  DIAZO  COMPOUNDS  WITH  UNSATURATED  COMPOUNDS 


XI.  THE  REACTION  OF  ETHYL  DIAZOACETATE  WITH  ALLYL  CHLORIDE 

I.  A.  Dyakonov  and  N.  B,  Vinogradova 


In  one  of  the  previous  communications  [1]  of  this  series  it  was  shown  that  reaction  of  ethyl  diaxoacetate  with 
allyl  bromide  gives  a  lQP]o  yield  of  the  ethyl  ester  of  a -bromallylacetic  acid.  The  purpose  of  the  present  study  is 
the  examination  of  the  reaction  of  ethyl  diazoacetate  with  allyl  chloride.  The  investigation  has  shown  that  in  an¬ 
alogy  with  the  allyl  bromide  reaction,  the  ethyl  ester  of  a -chlorallylacetic  acid  is  formed  (II),  but  this  is  not  the 
sole  reaction  ixoduct.  By  careful  fractionation  of  the  crude  condensation  product  it  was  possible  to  isolate,  in  ad¬ 
dition  to  the  ester  (II),  the  esters  (I)  and  (III),  while  evidence  was  obtained  of  the  presence  of  an  ester  (IV)  in  the 
fractions  boiling  higher  than  ester  (HI)  (see  experimental  part). 


CHjClCOOCjHs  (I) 
NH4OH 
CI^ClCONHi  (V) 


CH,-CH-CH,C1  (IH) 
^^-COOCjHg 
KOH 

^^H-CH,OH  (VIH) 
CH-CCX)H 
KMhO^ 
CHj-CH-COOH  (DC) 
^OT-COOH 


CHj=CHCH,CHClCOCX:8Hg  (II) 
KjCO,,  HjO 
CI%==CHCHjCHOHCCX)H  (VI) 
CgHsNH* 

CH,=CHCH,CH0HC0NHC,H5  (VII) 
(=ch-cocx:iH5)2  (IV) 

KOH 

(=CH-C00H)2  (X) 

I  CjHj-COCHjBr 
(=CH-COOCH,COC6H5)j  (XI) 


The  above  reaction  scheme  also  illustrates  the  further  coarse  of  the  investigation  which  was  undertaken  with  the 
aim  of  establishing  the  structure  of  the  compounds  obtained.  Compounds  (II),  (IH),  and  (VU)  are  here  described  for 
the  first  time.  Compounds  (VI),  (VHI)  and  (X)  were  not  isolated  in  the  analytically  pure  form  in  the  course  of  this 
investigation.  The  first  substance  which  we  succeeded  in  isolating  by  fractionation  of  the  crude  reaction  product 
was  ethyl  chlOToacetate  (I).  This  was  identified  by  conversion  into  chloracetamide  (V).  The  formation  of  ethyl 
chloroacetate  during  the  reaction  of  ethyl  diazoacetate  with  allyl  chloride  confirms  me  observations  of  Buchner 
[2]  concerning  the  ability  of  ethyl  diazoacetate  to  remove  hydrogen  halide  from  esters  of  halo-substituted  acids.  • 

It  may  be  assumed  that  in  our  case  the  cleavage  of  hydrogen  halide  ixoceeded  from  ester  (H)  and  not  from  ester 
(HI)  since  the  latter  route  is  hardly  probable  [131.  However,  the  possibility  is  not  excluded  of  direct  cleavage  of 
hydrogen  halide  from  the  allyl  chloride  which  is  present  in  the  reaction  mixture  in  large  excess.  No  experimental 
confirmation  of  this  possibility  has  yet  been  found. 

• 

A  fresh  examination  of  the  product  of  reaction  of  ethyl  diazoacetate  with  aUyl  bromide  showed  that,  in  addi¬ 
tion  to  the  ester  of  a -brorrtallylacetic  acid,  a  small  amount  of  ethyl  bromoacetate  is  also  formed  (see  experimental 
part). 
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The  second  substance  isolated  during  fractionation  of  the  crude  product  was  the  ethyl  ester  of  a  -chlorallyl- 
acetic  acid  (II).  It  was  hydrolyzed  with  potassium  carbonate  solution  to  give  a -hydroxy lallylacetic  acid  which  we 
were  unable  to  isolate  in  the  perfectly  pure  form  due  to  the  small  amount  obtained.  The  acid  was  characterized 
by  conversion  to  the  anilide  (VII)  whose  identity  was  confirmed  by  a  melting  point  test  in  admixture  with  an 
authentic  specimen  and  by  determination  of  the  nitrogen  content. 

The  data  obtained  permit  us  to  ascribe  the  formula  (II)  to  the  investigated  chloride.  Concerning  the  mech¬ 
anism  of  formation  of  this  chloride  we  may  put  forward  the  same  two  suggestions  that  were  advanced  when  dis¬ 
cussing  the  mechanism  of  formation  of  the  ethyl  ester  of  a -bromallylacetic  acid  [1]. 

In  view  of  the  fact  that  among  the  products  of  reaction  of  ethyl  diazoacetate  with  allyl  chloride  was  found 
the  ester  of  2-chloromethylcyclopropane-l-carboxylic  acid(lll)  (see  below),  we  took  the  opportunity  of  examining 
its  susceptibility  to  isomerization  into  the  unsaturated  chloride  (II)  under  conditions  similar  to  those  of  its  forma¬ 
tion.  The  control  experiment  performed  for  this  purpose  gave  a  negative  result;  Prolonged  heating  of  the  investi¬ 
gated  chloride  with  excess  of  allyl  chloride  in  presence  of  cuprous  chloride  as  catalyst  did  not  reveal  any  influence 
on  the  starting  chloride.  The  indicates  that  the  cyclic  chloride  (III)  cannot  be  an  intermediate  product  in  the  syn¬ 
thesis  of  the  unsaturated  chloride  (II)  in  the  reaction  here  investigated. 

The  cyclic  chloride  (III)  was  the  third  substance  isolated  during  fractionation  of  the  crude  reaction  product. 
The  chloride  contained  a  trace  of  ethyl  fumarate  which  we  were  able  to  eliminate  by  treatment  with  cold  perman¬ 
ganate  solution. 

In  order  to  establish  the  structure  of  the  chloride  (III)  it  was  hydrolyzed  by  alkali  to  the  cyclic  hydroxy  acid 
(VIII)  which  could  iwt  be  separated  in  the  pure  form  due  to  the  small  amount  available.  Evidence  that  the  acid 
resulting  from  the  hydrolysis  really  was  trans-2-(hydroxymelh^-cycloixopane-l -carboxylic  acid  was  obtained  by 
oxidizing  it  with  potassium  permanganate  to  trans-1, 2-cyclopropane  dicarboxylic  acid  which  is  well  known  in  the 
literature.  On  this  evidence  it  would  also  be  permissible  to  claim  that  the  structure  of  chloride  (III)  has  been  el¬ 
ucidated. 

On  the  basis  of  the  data  presented  in  the  experimental  part  it  may  be  suggested  that  the  fractions  j  obtained 
by  further  fractionation  of  the  crude  reaction  product  and  boiling  higher  than  chloride  (in)  are  a  mixture  of  this 
chloride  with  ethyl  fumarate.*  Alkaline  hydrolysis  of  these  fractions  led  to  formation  of  fumaric  acid,  character¬ 
ized  in  the  form  of  its  diphenacyl  ester. 

Consideration  of  the  results  of  reaction  of  ethyl  diazoacetate  with  allyl  bromide  on  the  one  hand,  and  of 
those  with  allyl  chloride  on  the  other,  indicate  that  the  activity  of  the  C— Hal  bond  in  allyl  bromide  is  greater 
than  that  in  allyl  chloride.  •  • 


EXPERIMENTAL 

Condensation  of  allyl  chloride  with  ethyl  diazoacetate.  Into  a  round -bottomed,  flask  fitted  with  a  stirrer, 
dropping  funnel  and  reflux  condenser  was  introduced  H)0  g  freshly  distilled  allyl  chloride  and  2.4  g  cuprous  chlor¬ 
ide.  •*•  The  mixture  was  heated  on  the  water  bath  tivhile  being  mechanically  stirred;  after  reaching  the  boiling 
point,  slow  addition  was  made  from  the  dropping  funnel  (without  stopping  the  heating)  of  188.8  g  ethyl  diazo¬ 
acetate  mixed  with  an  equal  volume  of  allyl  chloride.  The  evolved  gas  passed  through  a  trap  immersed  in  a 
freezing  mixture  and  was  collected  in  a  gasholder.  The  total  volume  of  evolved  nitrogen  was  33.52  1  (15*  and 
767  mm)  a  85 ‘5b  of  theory. 

The  experiments  showed  that  during  the  reaction  the  catalyst  (cuprous  chloride)  underwent  a  partial  change 
(color  change  to  bright  orange)  and  part  went  into  solution  to  form  a  complex  compound  with  allyl  chloride. 


In  view  of  the  fact  that  the  boiling  point  of  the  investigated  fractions  is  considerably  above  the  boiling  point 
of  ethyl  fumarate,  it  is  possible  that  they  are  admixed  with  the  product  of  the  condensation  of  ethyl  diazoacetate 
with  the  ester  of  the  a -chlorallylacetic  acid. 

•  « 

Comparative  evaluation  of  the  relative  activity  of  the  halogen  in  allyl  chlCHride,  bromide  and  iodide  was  made 
by  Tronov  and  Gershevich  [3]  who  found  that  the  activity  ratio  was  1:860;4300  (in  reaction  with  pyridine)  and 
1:85:138  (in  reaction  with  sodium  methylate). 

•  •• 

The  condensation  reaction  was  performed  in  presence  of  the  following  catalysts;  Copper  bronze  ^  Natur  cupfer 
C.)  and  cuprous  chloride.  It  was  found  that  the  reaction  does  not  proceed  in  presence  of  copper  sulfate;  with  the 
other  two  catalysts  equally  good  results  are  obtained  (compare  [1]). 
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These  compounds  were  removed  at  the  start  of  the  reaction  by  filtering  off  the  reaction  mixture  from  the  catalyst, 
washing  with  dilute  hydrochloric  acid  (1:1)  and  then  washing  with  sodium  carbonate  solution.  In  order  to  avoid 
loss  of  substance  during  these  washing  treatments,  the  wash  liquors  were  extracted  with  ether,  and  the  residues 
from  the  ether  extracts  (after  removal  of  solvent)  were  added  to  the  main  bulk.  The  reaction  mixture  was  then 
dried  with  calcium  chloride  and  freed  from  excess  allyl  chloride  by  heating  on  the  water  bath.  The  remaining 
material,  a  dark-colored  liquid,  was  distilled  in  a  10  mm  vacuum  without  separation’ into  fractions.  In  the  dis¬ 
tillation  flask  remained  a  large  amount  of  thick,  dark-colored  resin.  The  distillate  came  over  in  a  wide  tem¬ 
perature  range  (from  40  to  110*)  at  10  mm. 

The  resultant  complex  mixture  of  products  was  subjected  to  fractionation  in  a  vacuum  column  with  a  de- 
phlegmator  at  10  mm.  Even  after  repeated  fractionation  it  was  impossible  to  separate  the  constituents  completely, 
but  three  main  components  were  isolated,  incidentally,  in  almost  analytical  purity  (see  introduction).  The  results 
of  fractionation  are  shown  in  the  table. 


RESULTS  OF  FRACTIONATION  OF  CONDENSATION  PRODUCTS 


No.  of 
fraction 


B.  pt. 

Weight 

(ing) 

40^1“ 

16.7 

42-66 

9.0 

66-67 

16 

67-83 

16.1 

83-87 

11.9 

87-92 

14.8 

92-96 

8.0 

96-100 

6.0 

100-110 

12.6 

Name  of  substance  in  fraction 


Ethyl  chloroacetate 
Intermediate  fraction 
Ethyl  ester  of  a  -chlorallylacetic  acid 
Intermediate  fraction 
Ethyl  ester  of  2-(chloromethyl)-cyclo- 
propane-l-carboxylic  acid 

Ethyl  fumarate  in  admixture  with  the 
cyclic  chloride  and  with  other  chlorides 


Ethyl  chloroacetate.  (I).  This  was  iso¬ 
lated  in  the  analytically  pure  form  by  direct 
fractionation  in  a  vacuum  column  (Table  1). 
B.  pt.  40-41“ (10  mm);  142-143“  (760  mm); 
d|®  1.1406;  n*i5  1  4202;  MRjj  27.20;  calcu¬ 
lated  27.19. 

Found  Cl  28,77,  28.81.  M  123.3, 
119.9.  C1H7O2CI.  Calculated  <7o:  Cl  28.96. 
M  122.56. 

Literature  data:  B.  pt.  142.6-143“  at 
750  mm  [4];  52“  at  20  mm  [5];  dj*  1.1520; 
ng  1.4216  [4]. 


Chloracetamide  (V).  2  ml  of  the  sub¬ 
stance  under  investigation  was  shaken  in  a 
test  tube  with  2  volumes  of  2QPlo  ammonia  at  0“.  The  crystals  of  chloracetamide  obtained  after  recrystallization 
from  alcohol  melted  at  119-120“  (no  melting  point  depression  in  admixture  with  an  authentic  specimen). 

Ethyl  ester  of  a -chlorallylacetic  acid  (II).  Like  the  chloride  (I)  it  was  separated  in  analytical  purity  by 
direct  fractionation  of  the  crude  reaction  product.  B.  pt.  66-67“  (10  mm);  d*®  1.0530;  ng  1.4400;  MR^  40.72; 
calculated  40.58. 


0.1673  g  substance:  0.1472  g  AgCl.  0.2458  g  substance;  17.1  g  benzene:  At  0.46“.  0.4171  g  substance: 

17.1  g  benzene:  At  0.78“.  Found  <5^:  Cl  21.77;  M  160.0,  160.4.  C^HuOiCl.  Calculated  <^o:  Cl  21.86; 

M  162.62. 

Hydrolysis  of  the  ester  (II).  Into  a  round 4x)ttQmed  flask  fitted  with  a  stirrer  and  a  mercury  seal  was  intro¬ 
duced  14  g  of  the  substance  under  examination  and  119  g  IQPjo  potassium  carbonate  solution.  Boiling  and  mechani¬ 
cal  stirring  of  the  reaction  mixture  were  continued  up  to  disappearance  of  the  layer  of  oily  ester  (about  2  hours). 
The  cooled  solution  was  acidified  with  sulfuric  acid  (Congo  red  indicator)  and  extracted  with  ether.  After  drying 
the  ether  extract  and  distillii^  off  the  ether,  there  remained  3.3  g  of  viscous,  dark-colored  oil  which  we  assumed  to 
be  a-hydroxyallylacetic  acid.*  The  liquid  did  not,  however,  crystallize  either  on  standing  in  a  vacuum  desiccator 
over  sulfuric  acid  or  on  cooling  to  — 10“.  For  the  purpose  of  identification  the  acid  was  converted  into  the  anilide 
by  the  method  of  Shriner  and  Fuson  [6].  The  crystals  of  anilide  had  a  yellow  color  and  were  decolorized  by  boil¬ 
ing  with  animal  charcoal.  After  re  crystallization  from  alc:ohol  the  m.  pt.  was  77-78“. 

0.1244  g  substance:  7.8  ml  b^-(20“,  775.2  mm)  0,2042  g  substance:  13.2  ml  N^  (19“,  772.7  mm). 

Found  %  :  N  7.38,  7.61.  CuHijOjN.  Calculated  N  7.33 

By  a  similar  method  we  obtained  the  anilide  of  authentic  a-hydroxyallylacetic  acid.  A  mixtuie  of  both  of 
the  anilides  did  not  exhibit  any  melting  point  depression. 

Ethyl  ester  of  2-(chloromethyl)-cyclopropane-l -carboxylic  acid  (III).  Fraction  5,  Table  1  (crude  chloride). 

We  were  the  first  to  prepare  this  acid  by  hydrolysis  of  the  ethyl  ester  of  a -bromaUylacetic  acid.  It  formed  very 
hygroscopic  crystals  melting  at  37“  [1]. 
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B.  pt.  83-8T  (10  mm);  n|)  1.4530. 

0.1686  g  substance:  0.1402  g  AgCl.  0.2363  g  substance:  0.1951  g  AgCl.  Found  Cl  20.56,  20.42. 

CtHuOjCI.  Calculated  <1o:  Cl  21.82. 

In  Older  to  remove  the  admixed  ethyl  fumarate,  30.4  g  of  the  crude  chloride  (III)  was  shaken  in  the  cold  with 
potassium  permanganate  until  the  violet  color  of  the  permanganate  ion  had  disappeared;  this  required  17.0  g  per¬ 
manganate.  After  filtration,  the  manganese  dioxide  was  washed  with  ether  and  the  filtrate  in  turn  was  extracted 
with  ether.  The  ether  extracts  were  combined  and  dried,  the  ether  distilled  off,  and  the  flask  residue  fractionated 
to  give  21.1  g  of  a  chloride  with  the  following  constants: 

B.  pt.  82-B4*  (8  mm);  dj®  1.1091;  1.4560;  M%)  39.87;  calculated  38.87.  Found:  Increment  for  a 

three-membered  ring  1.0. 

0.1284  g  substance:  0.1120  g  AgCl.  0.2538  g  substance:  0.2248  g  AgCl.  0.1948  g  substance;  17.32  g 

benzene:  At  0.3T,  0.2673  g  substance;  17.03  g  benzenes  At  0.52*.  Found  °lo'.  Cl  21.58,  21.89;  M  156.0, 

154.9.  CtHuOjCI.  Calculated  °Io:  Cl  21.86;  M  162.62. 

Hydrolysis  of  chloride  (III).  Into  a  flask  with  a  reflux  condenser  were  introduced  14.8  g  cyclic  chloride 
and  11.6  g  potassium  hydroxide  dissolved  in  methyl  alcohol.  The  reaction  mixture  was  heated  on  the  water  bath 
for  one  hour  The  precipitate  of  potassium  chloride  was  filtered  off,  the  excess  alkali  neutralized  with  carbon 
dioxide,  the  methyl  alcohol  removed  by  boiling  with  water  on  the  water  bath,  and  the  residue  after  acidification 
was  extracted  with  ether. 

Removal  of  the  ether  left  8.1  g  of  syrupy  liquid  which  we  took  to  be  2-(hydroxymethyl)-cycloiH:opane-l- 
carboxylic  acid  (VIII).  Part  of  the  acid  was  used  for  i*eparation  of  the  silver  salt: 

Found  Ag  46.2.  CgH^j.  CgHiOsAg.  Calculated  <70:  Ag  48.54. 

The  low  content  of  silver  found  in  the  silver  salt  indicates  that  the  acid  was  impure. 

Oxidation  of  the  hydroxy  acid  (VIII).  Oxidation  of  3. 9  g  of  acid  (VIII)  was  effected  by  shaking  its  aqueous 
solution  with  an  excess  (2  g)  over  the  calculated  (7  g)  amount  of  potassium  permanganate.  This  required,  in  all, 
two  days.  The  excess  permanganate  was  destroyed  with  a  few  drops  of  bisulfate,  the  manganese  dioxide  filtered 
off,  the  solution  was  concentrated  on  the  water  bath,  acidified  with  sulfuric  acid  and  extracted  with  ether.  From 
the  ether  extract  was  isolated  1.26  g  (28. 97*70  of  theory)  of  a  colorless,  crystalline  acid  with  a  m.pt.  165".  After 
two  crystallizations  from  water  the  m.  pt.  was  constant  at  172*. 

Found  %:  C  46.51;  H  5.04;  equiv.  65.40.  C5H(04.  Calculated  <’]ot  C  46.17;  H  4.65;  equiv.  65.05. 

No  meltii^  point  depression  occurred  when  mixed  with  an  authentic  specimen  of  trans-cyclopropane-1, 2- 
dicarboxylic  acid  prepared  by  one  of  us  by  another  route  [7].* 

Investigation  of  the  isomerizing  wndency  oi  the  cyclic  chloride  (III).  _8.9  g  of  chloride  (III),  70  g  allyl 
chloride  and  0.2  g  cuprous  chloride  were  heated  to  boiling  on  the  water  bath  with  mechanical  stirring  for  three 
hours.  The  catalyst  was  filtered  off  from  the  cooled  solution  and  the  filtrate  well  washed,  first  with  dilute  hyd¬ 
rochloric  acid  and  then  with  soda  solution  as  detailed  above.  The  solution  was  then  dried  with  calcium  chloride, 
the  excess  allyl  chloride  was  distilled  off,  and  the  residue  distilled  in  vacuum  The  constants  of  the  distillate 
did  not  differ  from  those  of  the  original  chloride  (III),  so  that  we  may  conclude  that  chloride  (III)  is  not  suscep¬ 
tible  to  isomerization  under  the  conditions  of  the  investigated  reaction. 

Ethyl  fumarate.  (IV).  The  percentage  content  of  halogen  was  determined  in  fractions  7,  8  and  9  (see  table) 
as,  respectively,  15.30,  7.37  and  5.90.  All  three  fractions  were  unsaturated  in  the  permanganate  test.  Fraction 
7  (7.7  g)  was  heated  on  the  water  bath  for  30  minutes  widi  a  solution  of  7.8  g  potassium  hydroxide  in  methyl  al¬ 
cohol.  The  precipitate  of  potassium  chloride  was  filtered  off;  the  filtrate,  diluted  with  water,  was  evaporated 
on  the  water  bath  to  drive  off  the  methyl  alcohol  and  then  acidified  with  sulfuric  acid  iMior  to  ether  extraction. 
Removal  of  the  ether  left  an  oil  of  honey-like  appearance.  On  adding  to  it  a  mixture  of  ether  and  petroleum 
ether,  a  crystalline  acid,  m.  pt.  276*,  separated  out.  In  view  of  the  fact  that  fumaric  acid  melts  with  decomposi¬ 
tion  so  that  the  literature  data  on  its  melting  point  vary  widely,  we  converted  the  acid  into  its  diphenacyl  ester 
[9],  m.  pt,  197*.  In  admixture  with  an  authentic  specimen  melting  at  197.5*  [10],  the  melting  point  was  not 
depressed.  On  this  evidence  we  can  assume  the  presence  of  ethyl  fumarate  in  fraction  7. 


In  the  literature  [8]  the  m.  pt.  of  trans-cyclopropane  dicarboxylic  acid  is  given  as  175*. 
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Reaction  of  ethyl  diazoacetate  with  allyl  bromide*  .  Condensation  of  79.05  g  ethyl  diazoacetate  with  ex¬ 
cess  allyl  bromide  (450  g)  in  presence  of  0.5  g  copper  powder,  followed  by  vacuum  fractionation  of  the  reaction 
product  at  12  mm,  gave  two  fractions:  1)  69-78“,  15.15  g;  2)  78-79“,  114  g. 

As  we  have  previously  shown  [1],  haction  (2)  is  the  ethyl  ester  of  a -bromallylacetic  acid.  Examination  of 
fraction  (1)  revealed  the  possibility  of  separating  from  it,  by  repeated  fractionation  at  normal  pressure,  about  2  g 
of  substance  with  high  lachrymatory  power,  b.  pt.  158-162“,  at  760  mm;  np  1.453 

Found  °]o:  Br  46.98.  C4H70jBr.  Calculated  <70:  Br  47.84.  Literature  cited;  b.  pi.  158.2  at  760  mm  [11], 

ng  1.454  [12]. 

On  the  basis  of  the  above  constants  and  of  the  analytical  data  we  may  assume  that  the  isolated  bromide  was 
not  completely  pure  ethyl  bromoacetate  (this  ester  is  known  to  be  a  strong  lachrymal  or). 

SUMMARY 

1.  It  is  shown  that  the  reaction  of  ethyl  diazoacetate  with  allyl  chloride  in  presence  of  copper  catalysts 
yields  the  ethyl  esters  of  the  following  acids:  chloracetic,  a-chlorallylacetic,  2-(chlormethyl)-cyclopropane-l- 
carboxylic,  and  fumaric. 

2.  The  structures  were  established  of  the  esters  (unknown  in  the  literature)  of  a-chlorallylacetic  and  2- 
(chlormethyl)-cyclof»opane-l -carboxylic  acids.  The  anilide  of  a-chlorallylacetic  acid  was  prepared. 

3.  It  is  shown  that  the  ester  of  2-(chlormethyl)-cyclopropane-l-carboxylic  acid  does  not  isomerize  to  the 
ester  of  a  -chlorallylacetic  acid  when  heated  with  excess  allyl  chloride  in  presence  of  cuprous  chloride. 

4.  In  a  further  study  of  the  ethyl  diazoacetate-allyl  bromide  condeniation,  it  was  found  that  ethyl  brom- 
acetate  is  formed  to  a  very  slight  extent. 
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REACTIONS  OF  ALIPHATIC  DIAZO  COMPOUNDS  WITH  UNSATURATED  COMPOUNDS 


Xn.  CONDENSATION  REACTIONS  OF  DIPHENYLDIAZOMETHANE 
AND  ETHYL  DIAZOACETATE  WITH  ALLYL  ACETATE 

I.  A.  Dyakonov  and  O.  V.  Guseva 


Followii^  up  the  papers  by  one  of  us  on  the  reactions  of  ethyl  diazoacetate  [1]  and  diphenyldiazomethane 
[2]  with  allyl  alcohol,  we  report  here  on  the  reaction  of  the  same  diazo  compounds  with  allyl  acetate.  Diphenyl¬ 
diazomethane  readily  reacts  with  boiling  allyl  acetate  and,  in  contrast  to  the  reaction  with  allyl  alcohol,  it  forms 
one  main  reaction  product:-  l-(acetoxymethyl)-2,2-diphenylcycloF*opane  (I),  which  is  a  new  compound. 


CHjCOOCH2-CH-C\^  (1) 


/\ 

HOHjC-CH-C^ 

C,H5 


(ID 


The  assignment  of  the  acetate  (I)  to  the  cyclopropane  series  was  confirmed  by  its  conversion  into  the  cyclic 
alcohol  (II),  previously  prepared  by  one  of  us  [2]  from  diphenyldiazomethane  and  allyl  alcohol.  The  identity  with 
the  authentic  specimen  was  established  by  comparison  of  their  physical  constants  and  by  the  determination  of  the 
mixed  melting  point  of  their  3,5-dinitrobenzoates.  The  yield  of  the  analytically  pure  preparation  of  the  acetate  (I) 
was  55.25<yo  of  the  theoretical  yield.  The  chief  losses  of  yield  arise  during  vacuum  rectification  of  the  crude  re¬ 
action  product  (the  latter  contains  benzophenone  which  is  not  easily  separated  from  the  compound  (V)  by  distil¬ 
lation.  In  the  pure  form  benzophenone  was  only  isolated  in  a  yield  of  3.5<7o  of  theory.  •  In  place  of  the  nearly 
colorless  ketazine,  there  were  separated  from  the  crude  condensation  product  two  sorts  of  crystals  with  a  yellow 
color:  with  m.  pt.  157-158*  and  m.  pt.  172-173*,  the  former  predominating.  Since  the  analytical  data  (nitrogen 
content,  molecular  weight)  point  to  the  crystals  melting  at  157-158*  being  the  ketazine  CjgHjON2,  and  the  melt¬ 
ing  point  of  a  mixture  with  authentic  ketazine  [4]  (m.  pt.  162“)  was  not  depressed,  we  are  entitled  to  assume  that 
the  crystals  in  question  are  actually  ketazine  but  contaminated  with  a  substance  of  app.arently  similar  composition. 
With  the  aim  of  determining  the  composition  of  this  impurity,  the  crystals  were  hydrolyzed  with  20-30  sulfuric 
acid  when  three  hydrolysis  products  were  obtained:  Benzophenone,  hydrazine  sulfate  and  tetraphenylethane.  Accord¬ 
ing  to  Curtius  (4)  hydrolysis  of  authentic  ketazine  under  the  same  conditions  only  gave  two  products —benzophenone 
and  hydrazine  sulfate: 


(CeH5)jC  =  N  -  N  =  CfCgHg)*  (C6H5)jC  =  O  +  H,N  -  NH,  •  HiSO^- 

From  the  nitrogen  content  a^ithe  molecular  weight,  the  crystals  melting  at  172-173"  also  correspond  to 
Cjgl^Oh^,  but  the  mixture  with  ketazine  had  the  depressed  melting  point  of  154-155,"  and  hydrolysis  with  sulfuric 
acid  gave,  in  addition  to  benzophenone  and  hydrazine  sulfate,  twice  as  much  tetraphenylethane  as  the  same  weight 
of  crystals  with  m.  p.  157-158*.  The  data  suggest  that  the  substance  melting  at  172-173“  is  actually  the  impurity 
in  ketazine  which  caused  the  melting  point  to  be  depressed  to  157-458"  and  which  gave  rise  to  tetraphenylethane 
among  the  hydrolysis  products.  The  lack  of  material  at  our  disposal  prevented  us  from  establishing  the  structure 
of  this  impurity  which  was  isolated  in  the  form  of  crystals  with  m.  pt.  172-173*. 

The  reaction  of  ethyl  diazoacetate  with  allyl  acetate  was  performed,  as  customary,  in  presence  of  copper 
catalysts  (anhydrous  co  pper  sulfate,  copper  bronze).  The  yield  of  the  principal  product  of  this  reaction  — the  ethyl 
ester  of  2-(acetoxymethyl)-cyclopropane-l -carboxylic  acid  — is  70.0%  of  the  theoretical  yield,  but  the  crude 


According  to  Staudinger  and  co-workers  [3]  benzophenone  is  a  very  minor  product  of  the  decomposition  of 
d  iphenyld  iaz  omethane . 
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ch,cocx:h,-ch-ch-cooc,H5  (in) 

preparation  contains  a  small  admixture  of  ethyl  fumarate  which  could  not  be  completely  removed  by  fractional  dis¬ 
tillation. 

The  ester  (IH)  (yield  62.7  °}o  of  theory  calculated  on  the  ethyl  diazoacetate)  was  obtained  in  the  perfectly  pure 
form  after  treatment  of  the  cmde  ester  with  cold  potassium  permanganate  solution.  Among  the  oxidation  products 
was  oxalic  acid,  which  by  analogy  with  previous  investigations  in  this  field  was  assumed  to  be  proof  of  the  formation 
of  ethyl  fumarate.  A  rough  calculation  based  on  the  consumption  of  oxidizing  agent  shows  that  the  ethyl  fumarate 
content  of  the  crude  ester  (IH)  does  not  exceed  yjo  of  the  weight  of  (HI).  The  constants  of  the  crude  preparation 
likewise  only  differ  slightly  from  those  of  the  purified  ether  (III). 

Measurement  of  the  Raman  spectra*  of  the  ester  (III)  (see  experimental  part)  confirmed  the  presence  of  the 
cyclopropane  nucleus.  In  accordance  with  the  literature  data  on  this  subject  (for  literature  see  Comm.  VII  of  this 
series)  the  frequencies  862  (2),  1202  (3)  are  characteristic  of  the  disubstituted  cyclopropane  ring.  For  the  carbonyl 
group  of  the  ester  (IH)  the  frequency  1729  (3)  was  found.  Alkaline  hydrolysis  of  ester  (HI)  gave  the  corresponding 
2-hydroxymethylcycloiwopane-l -carboxylic  acid  (IV)  in  the  form  of  a  mixture  of  crystals  and  oily  liquid.  The  yield 
of  crude  acid  (IV)  is  80<7o  of  theory  based  on  the  original  ester  (III).  The  crystalline  acid  proved  to  be  the  trans¬ 
isomer  of  the  cyclic  hydroxy  acid  (IV),  since  oxidation  with  potassium  permanganate  gave  the  well-known  trans- 
cyclopropanerl,2-dicarboxylic  acid  (VI)  in  84.6^  yield.  Out  further  research  revealed  that  the  oily  acid  was  a 
mixture  of  trans-  and  cis-hydroxymethylcyclopropane  carboxylic  acids.  Careful  vacuum  distillation  of  this  mix¬ 
ture  resulted  in  cleavage  of  water  from  the  cis-acid  (IVa)  with  formation  of  a  bicyclic  lactone  (V)  which  we  have 
isolated  and  characterized.  The  trans-isomer  of  the  acid  (IV)  was  obtained  by  crystallization  of  the  undistHled 
residue. 

The  lactone  ring  of  (V)  is  easily  opened  under  the  action  of  caustic  alkali  solutions  and  is  ccnverted  by 
permanganate  oxidation  into  cis-cyclopropane-l,2-dicarboxylic  acid  (607o  yield).  These  reactions  determine 
its  structure.  In  addition,  measurements  of  the  Raman  spectra  ••are  in  harmony  with  the  formula  (V).  The  pres¬ 
ence  of  the  trimethylene  ring  is  indicated  by  the  frequencies  850  (9),  1171  (7),  2981  (4),  3002  (5)  and  3085  (8).*** 

A  conspicuous  feature  is  the  displacement  into  the  long-wave  region  of  the  spectrum  of  the  first  two  of  the  above- 
mentioned  lines,  which  must  undoubtedly  be  ascribed  to  the  influence  of  conjugation  with  the  cyclojxopane  5-mem- 
bered  ring.  To  the  latter  corresponds  the  frequency  899  (4).  The  frequency  of  the  carbonyl  group  of  the  lactone 
(1760  cm”*)  slightly  exceeds  the  frequency  of  the  carbonyl  group  in  other  compounds  (1730  cm"*). 

On  the  basis  of  the  amount  of  lactone  (V)  obtained,  the  yield  of  cisHsomer  of  the  acid  (IVa)  in  the  hydrolysis 
reaction  is  only  7o/o  of  the  theoretical.  The  yield  of  transHLsomer  (IV)  is  55.7%  of  the  theoretical.  We  may  assume 
that  the  corresponding  stereoisomeric  forms  of  ester  (III)  will  also  occur  in  the  same  ratio  (1:8). 


CH, 

/\ 

CH-CHCOOH 

I 

CHjOH 

(IV) 


KMnO^ 


CH. 

/V 

CH-CHCOOH 

I 

COOH 

(VI) 


CH, 


CH- 


■CH 


CHjOH  HOOC 


(IVa) 


CHj 


CH — CH 

I  1 

c^^=o 

°(V, 


KMnOj 


CH - ^H 

I  1 

COOH  COOH 
(VII) 


Of  the  compounds  described  above,  three  have  been  prepared  for  the  first  time:  the  cyclic  ester  (III),  the 
trans4somer  of  the  hydroxy  acid  (IV)  and  the  bicyclic  lactone  (V). 


EXPERIMENTAL 

I.  Condensation  of  diphenyldiazomethane  with  allyl  acetate.  Starting  materials  were:  a)  Allyl  acetate 
prepared  by  the  method  of  Swanson  and  Coss  [6].  B.  pt.  103-104.5*:  d^^  0.9277;  ng  1.4047.  (Literature  data: 

•Measurements  were  performed  by  A.P.Ryskalchuk  to  whom  the  authors  convey  their  thanks. 

••  All  measurements  and  calculations  were  performed  by  M.E.Shmulyakovsky  to  whom  we  express  our  deep  gratitude. 
•••  The  remaining  frequencies  are  enumerated  in  the  experimental  part. 
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b.  pt.  i03.5'104*;  d|®  0  9279;  1.4048.  No  active  hydrogen  was  found,  indicating  absence  of  allyl  alcohol 

(b.  pt.  97*).  b)  Diphenyldiazomethane  was  prepared  as  in  [5]. 

Synthesis.  Into  a  reaction  flask  fitted  with  a  reflux  condenser  and  a  dropping  funnel  was  introduced  75  ml 
allyl  acetate,  and  in  the  dropping  funnel  was  placed  33-38  g  diphenyldiazomethane  mixed  with  the  same  volume 
of  allyl  acetate.  The  diphenyldiazomethane  is  slowly  added  dropwise  to  the  boiling  allyl  acetate. 

The  reaction  is  accompanied  by  evolution  of  nitrogen  and  change  of  color  of  the  solution.  Towards  the  end 
of  the  experiment  the  color  of  the  solution  changes  from  dark-red  (the  color  of  diphenyldiazomethane)  to  light 
yellow.  In  the  manner  described,  separate  portions  of  diphenyldiazomethane,  totalling  in  all  216.6  g,  were  re¬ 
acted.  At  the  end  of  the  reaction  the  solutions  from  the  individual  experiments  were  combined  and  the  excess 
allyl  acetate  distilled  off  in  a  150  mm  vacuum.  The  residue  in  the  distillation  flask  was  diluted  with  cold  ethyl 
alcohol;  at  this  point  it  was  noted  that  deep-colored  crystals  first  separated  with  an  m.pt.  of  165-170*  (2.2  g). 

Further  dilution  of  the  reaction  product  with  ethyl  alcohol  (up  to  10-12  times  the  volume)  led  to  crystallization 
of  not  so  deeply  colored  crystals.  The  total  amount  of  the  latter  was  12.5  g.  M.  pt.  152-155*.  After  several  re- 
crystallszations  from  alcohol  and  from  alcohol -benzene  mixture,  the  first  portion  of  cyrstals  melted  at  172-173*; 
the  second  portion,  after  recrystallization  from  the  same  solvents,  had  the  raised  m.  pt.  of  157-158*.  See  below 
for  further  details  of  the  examination  of  the  crystals  with  m.pt.  172-173*  and  157-158*. 

The  alcoholic  mother  liquor  from  the  crystals,  containing  in  solution  the  main  reaction  product,  was  sub¬ 
jected  to  distillation  in  vacuum  at  25-30  mm  to  drive  off  the  alcohol,  and  the  residue  (a  dark,  viscous  oil)  was 
fractionated  in  vacuum  (0.5  mm).  As  the  result  of  a  series  of  repeated  fractional  distillations,  the  condensation 
product  which  had  first  come  over  in  a  wide  temperature  range  was  separated  into  the  following  fractions  (at  0.5 
mm):  First  fraction  107-120*,  nJJ  1.594,  8  g;  second  fraction,  120-135*,  n“  1.591,  6  g;  third  fraction,  135-150*, 
n^  1.578-1.568,  15  g;  fourth  fraction.  147-150*,  nJJ  1.564,  163.7  g. 

On  the  basis  of  further  studies,  the  fourth  (main)  fraction  was  taken  to  be  the  cyclic  acetate  (1);  the  first 
and  second  fractions  were  ccnsidered  to  be  a  mixture  of  benzophenone  and  the  acetate  (I);  the  third  fraction 
was  apparently  an  intermediate  one;  it  was  resolved  by  further  distillation  into  a  series  of  separate  subfractions 
whose  refractive  indices  varied  within  the  above-stated  limits.  The  yield  of  pure  acetate  (I)  was  163.7  g  or  55.25f^ 
of  the  theoretical 

The  most  sensitive  measure  of  the  purity  of  acetate  (I)  proved  to  be  the  refractive  index  and  not  the  boilii^ 
point.  The  entire  distillation  process  was  therefore  checked  by  the  value  of  njj  of  the  individual  fractions.  For  the 
fourth  fraction  or  acetate  (I)  a  constant  njj  was  obtained  which  did  not  change  after  the  second  distillation.  In  the 
case  of  the  remaining  fractions  it  was  impossible  to  attain  a  constant  n^  due  to  the  smallness  of  the  quantities. 

II.  l-(Acetoxymethyl)-2,2-diphenylcyclopropane  (I).  The  freshly  distilled  preparation  was  a  fairly  viscous, 
light-yellow  oil;  the  viscosity  was  higher  than  that  of  the  corresponding  alcohol  (II).  It  turns  a  deeper  yellow  in 
storage  while  the  refractive  index  increases  slightly.  B.  pt.  165-167*  (2  mm);  147-150*  (0.5  mm);  dj*'*  1.0914; 
n^  1.5620;  MRjj  79.12;  calculated  78.28.  Exaltation  0.84. 

0.1409  g  substance :  0.4180  g  COj;  0.892  g  H|0.  0.3176  g,  0.3181  g  substance;  16.01  g,  16.64  g  benzene: 

At  0.37,  0.37*.  Found  C  80.93;  H  7.08;  M  275.1,  264.3.  Calculated  C  81.19;  H  6.84; 

M  266.3. 

Hydrolysis  of  acetate  (I).  A  mixture  of  17  g  potassium  hydroxide  dissolved  in  90  ml  methyl  alcohol  with 
52.5  g  acetate  (I)  was  heated  for  hours  on  the  water  bath  under  a  reflux  condenser.  The  excess  alkali  was 
neutralized  with  carbon  dioxide,  the  potassium  carbonate  was  filtered  off,  and  the  methyl  alcohol  distilled  off 
in  vacuum.  The  flask  residue  was  dissolved  in  ether  and  the  ethereal  solution  was  washed  with  water  aikl  dried 
with  calcium  chloride.  The  very  viscous  yellow  oil  remaining  after  removal  of  the  solvent  was  distilled  in 
vacuum-  B  pt.,  165-167*  (3,5  mm);  np  l.,583.  The  3,5-dinitrobenzoate  melted  at  140*  and  did  not  depress  the 
m.  pt,  of  the  3,5'dinitiObeiizoate  of  the  cyclic  alcohol  (11)  (m.  pt.  140*)  described  by  one  of  us  [2].  Yield  of 
alcohol  (U)  in  the  hydiolysis  reaction  was  37.0-38.8  g  or  83.8-87.8‘5l)  of  the  theoretical. 

HI.  Investigation  of  the  by  -products  of  the  reaction  of  diphenyldiazomethane  with  allyl  acetate.  Benzo¬ 
phenone.  The  opaque,  dirty -white  first  and  second  fractions  of  the  condensation  isoduct  with  np  1.594-1.591 
partly  crysiallized  on  keeping.  The  crystals  were  filtered  off  and  sucked  free  from  the  residual  uncrystallized 
portion  (5.9  g)  which  was  a  transparent,  colorless  oil  with  n^  1.5745  (compare  njj  for  the  third  fraction  in  sec¬ 
tion  I  above).  The  crysta.is  melted  at  43-46*,  and  after  one  recrystallization  from  alcohol  they  melted  at  48-49*. 
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They  were  identical  with  authentic  benzophenone  (mixed  melting  test).  Yield  7.35  g  or  3.5*70  of  theory,  calculated 
on  the  original  diphenyldiazomethane. 

The  crystals  melting  157-158*  had  a  light  yellow  color  and  were  difficultly  soluble  even  in  hot  alcohol,  easily 
soluble  in  ether,  and  still  more  easily  in  benzene.  It  was  impossible  to  raise  the  melting  point  either  by  repeated 
crystallizations  from  alcohol-benzene  or  by  substitution  of  solvent  (benzene,  ether).  Nitrogen  determinations,  how  ¬ 
ever,  gave  results  corresponding  to  the  formula  for  ketazine  and  a  mixed  sample  with  authentic  ketazine  (m.  pt. 
162*)  melted  without  depression  (at  160®).* 

Found  <7)r  N  7.95,  7.62;  M  366.2.  Calculated  N  7.78;  M  360.3. 

Hydrolysis  of  the  crystals  melting  at  157-158*  with  sulfuric  acid.  1  g  of  the  substance  and  150-200  mi  20-30*70 
sulfuric  acid  were  boiled  for  many  hours  under  a  reflux  condenser  until  the  crystals  had  gone  completely  into  solu¬ 
tion  .  The  solution  (with  a  thin  layer  of  yellow  oil  floating  on  its  surface)  was  then  steam-distilled.  From  the  dis¬ 
tillate  of  the  ether  extraction  was  obtained  0.57  g  (57*70  of  theory**)  benzophenone  with  m,  pt.  46-47*,  which  rose 
after  recrystallization  from  alcohol  to  48-49*  and  did  not  depress  the  m.  pt.  of  an  authentic  sample.  The  solution 
remaining  in  the  distillation  flask  was  filtered  from  a  small  amount  of  solid  precipitate  which,  after  drying,  weighed 
0.16  g  and  melted  at  about  206*.  This  solid  was  very  difficultly  soluble  in  alcohol  and  rather  more  soluble  in  ben¬ 
zene.  After  crystallization  from  alcohol-benzene  it  melted  at  207.5*.  This  melting  point  remained  constant. 

Hydrolysis  (in  the  above-described  manner)  of  the  crystals  melting  at  157-158“  with  20*7o  sulfuric  acid  gave 
0,75  g  of  slightly  yellowish  crystals  melting  at  207.5®  (after  one  crystallization  from  alcohol-benzene).  Further 
crystallization  gave  0.63  g  of  colorless  crystals  with  the  same  melting  point.  A  qualitative  test  for  nitrogen  by 
Lassaigne's  method  gave  a  negative  result,  while  analysis  gave  results  fairly  close  to  those  calculated  for  tetra- 
phenylethane  (the  literature  gives  m.  pt,  20  9“  [7]). 

Found  *5l»:  C  92.90  ,  92.92;  H  6.68.  6.93.  C^^Hj,.  Calculated  *7>:  C  93.14;  H  6.86. 

For  comparison,  authentic  tetraphenylethane  was  prepared  by  the  action  of  granulated  zinc  on  diphenyl- 
bromomethane  dissolved  in  dry  ethylacetoacetate  [8],  M.  pt,  206".  No  depression  of  melting  point  when  mixed 
with  the  investigated  preparation. 

The  sulfuric  acid  filtrate  from  the  tetraphenylethane  i»epared  by  hydrolysis  of  1  g  crude  ketazine  with  m.  pt. 
157-158*  was  concentrated  on  the  water  baths,  and  then  cooled  to  separate  0,1  g  hydrazine  sulfate  with  m.  pt.  254- 
258*  (with  decomposition)  yield  28*5(>  of  theory  based  on  the  formula  of  ketazine. 

Hydrolysis  of  authentic  ketazine.  Heating  of  1  g  ketazine  (m.  pt.  162®)  in  30*7o  sulfuric  acid  gave  benz  o • 
phenone  with  m.  pt.  48-49*  (0.59  g  or  59*55>  of  the  theoretical  yield)  and  hydrazine  sulfate  with  m.p.  ,  255®  with 
decomp,)  (0.31  g  or  86*7>  of  theory).  Tetraphenylethane  was  not  found  among  the  hydrolysis  products.  The  same 
data  (without  indication  of  yields)  were  reported  by  Curtius  [4]. 

Crystals  with  m.  pt.  172-173*.  As  already  pointed  out  in  section  I  above,  crystals  meltirig  at  172-173"  were 
obtained  after  2-3  recrystallizations  of  the  substance,  separating  in  the  first  operation,  on  dilution  of  the  crude  con¬ 
densation  product  with  alcohol,  Wsight  1,4  g.  After  crystallization,  the  color  of  the  crystals  and  the  solubility  were 
approximately  the  same  as  those  of  the  crystals  with  m.  pt.  157-158*.  A  mixed  sample  with  authentic  ketazine 
(m.  pt.  162*)  gave  a  depression  of  m.  pt.  (154-155*).  Determinations  of  nitrogen  and  of  the  molecular  weight  did 
not  permit  a  choice  to  be  made  between  the  formulas  C^iHqNx  and 

0.1220  g  substance:  8.15  ml  Nj  (18*,  744  mm).  0.1085  g  substance;  9.39  g  benzene;  At  0.170*.  Found: 

*7)  N  7.85;  M  349.4.  C„HbN,.  Calculated  <7»:  N  7.73;  M  362.3.  Calculated  *7o:  N  7.78;  M  360.3. 

Hydrolysis  of  the  crystals  with  m.  pt.  172-173*.  After  heating  with  30*7o  sulfuric  acid,  1  g  of  substance  yielded 
0.42  g  benzophenone  with  m.  pt.  43-44*  (not  recrystallized),  0.35  g  tetraphenylethane  with  m.  pt,  207*  (not  recrys¬ 
tallized)  and  0.07  g  hydrazine  sulfate. 

IV.  Condensation  of  ethyl  diazoacetate  with  allyl  acetate.  Ethyl  dlazoacetate  was  purified  by  distillation 
with  steam.  The  catalyst,  copper  sulfate,  was  dehydrated  at  170-180*.  Into  a  round -bottomed  flask,  fitted  with  a 
mercury  seal  and  stirrei,a  dropping  funnel  and  a  reflux  condenser,  was  charged  380  ml  allyl  acetate  and  2  g  anhy¬ 
drous  copper  sulfate;  m  the  dropping  funnel  was  placed  a  solution  of  136,9  g  ethyl  diazoacetate  in  136  ml  allyl  ace¬ 
tate.  The  allyl  acetate  in  the  flask  was  heated  to  boiling,  after  which  with  energetic  stirring  the  solution  in  the 


Authentic  ketazine  was  prepared  by  the  action  of  iodine  in  alcoholic  solution  on  benzophenone  hydrazone  [4], 
Calculated  on  the  gross  formula  of  CjjHjON,  for  the  substance  melting  at  157-158*. 
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dropping  funnei  was  slowly  added.  Even  after  only  a  few  drops  had  been  run  in,  tne  contents  of  the  flask  turned 
grey;  with  further  addition  the  color  changed  to  nearly  black.  The  nitrogen  evolved  during  the  reaction  was  col¬ 
lected  in  a  gasholder.  At  the  end  of  the  experiment  25.24  1.  nitrogen  (normal  conditions)  had  been  collected, 
equivalent  to  93.8 <7o  of  the  theoretical  amount.  After  20-30  minutes  the  evolution  of  nitrogen  usually  ceased 
(indication  of  end  of  reaction).  After  cooling  and  filtering  off  the  catalyst,  the  excess  allyl  acetate  was  distilled 
off  from  the  solution  in  vacuum  (130  mm).  The  residue  in  the  distillation  flask  was  distilled  in  a  1  mm  vacuum. 
Nearly  the  whole  of  the  condensation  ixroduct  came  over  within  the  range  of  83“86*  at  1  mm.  Yield  57.7  g  or 
'IQ.&’Jo  of  theory,  calculated  on  the  formula  of  ester  (in),  C9HJ4Q4.  B.  pt.  111-114*  (10  mm);  92-95*  (3  mm); 

83-85*  (1  mm);  d|*-’  1.078;  1.079;  n-^f-*  1.4422;  ng  1.4431. 

0.1422  g  substance:  0.3173  g  COj;  0.1060  g  1^0.  Found  ojt;  C  58.00;  H  7.94.  C9HJ4O4.  Calculated 

C  58.06;  H  7.57.  • 

With  the  aim  of  reducing  the  amount  of  resin  a  in  the  .tiwction  pro-  i 

ducts,  we  tried  to  perform  the  reaction  at  a  temperature  much  below  the  boiling  point  of  ally!  acetate,  but  with¬ 
out  success.  Thus  in  one  experiment  the  ethyl  diazoacetate  was  mn  in  at  a  reaction  mixture  temperature  of  65-70*. 
In  this  case  nitrogen,  as  a  rule,  was  not  evolved,  and  the  solution  retained  its  yellow^green  color,  indicating  the 
presence  of  undecomposed  ethyl  diazoacetate.  After  a  few  grams  of  ethyl  diazoacetate  had  been  added  to  the 
solution,  f(»  no  apparent  reason  a  violent  and  exothermic  decomposition  of  the  diazoacetate  set  in,  accompanied 
by  ejection  of  part  of  the  solution  through  the  seal  and  condenser.  The  temperature  of  the  solution  suddenly  rose 
to  103“  and  the  color  darkened. 

183  g  crude  estei.  (Ill)  was  treated  in  the  cold  with  ^°]o  potassium  permanganate  (14.9  g)  until  the  violet 
color  of  the  solution  had  disappeared.  After  filtration  of  the  manganese  dioxide,  which  was  carefully  washed 
with  ether,  the  ester  (111),  separating  as  a  colorless  oil  in  the  filtrate,  was  separated  from  the  aqueous  layer  and 
the  latter  was  extracted  with  ether.  The  combined  ether  extracts  were  mixed  with  ester  (III) ,  the  solution  dried 
with  CaCl),  and  after  driving  off  the  solvent  the  ester  (111)  was  distilled  in  vacuum.  Yield  of  analytically  pure 
preparation  162.9  g  (88.7  °]o  of  theory).  B.  pt.  128-129*  (22  mm);  106-10T  (8  mm);  76-77*  (0.5  mm);  dj*’*  1.079; 
n^'*  1.4429;  MRp  46.74;  calculated.  44.85;  exaltation;  0.19. 

0.22  72  g,  0.1117  g  substance;  0.4888  g.  0.2373  g  CO,;  0.1587  g.  0.0767  g  H,0.  Found  °h-  C  58.19, 

57.95.  H  7.82,  7.68.  C,H,404.  Calculated  C  58.06;  H  7.57.  0.1836  g,0.1851gsubstance; 

16.82  g,  22.96  g  benzene;  At  0.300*,  0.225*.  Found;  M  186.7,  183.9.  C,Hi4Q4.  Calculated:  M  186.2. 

Raman  spectrum  of  ester(l)  was  measured  with  the  help  of  a  Zeiss  tripnsm  spectrograph,  using  a  mercury  lamp 
(wave  length  X'  4358.3  A)  as  source  of  excitation;  slit  0. 1  mm;  time  of  exposure  6  hours.  Light  filter:  hard 
glass.  Results  of  measurements  of  spectrum  of  ester  (III);  636.4  (3),  746(3),  840.9(1),  862.2(2),  889.7(2),  1033.4(2), 
1098.9(2),  1118.5(2),  1202.9(3),  1465(5),  1728.7(3),  2948(6),  3137(4). 

The  manganese  dioxide  obtained  during 'the  oxidation  was  twice  extracted  with  boiling  water  and  the  wash 
liquors  combined  with  the  aqueous  solution  previously  separated  from  the  layer  of  purified  ester  (III).  From  the 
combined  solutions  the  volatile  and  volatile-4n-steam  organic  acids  were  separated  in  the  usual  manner.  The 
aqueous  distillate  contained  0. 95  g  (estimated  by  alkali  titration)  of  acid  and  in  the  solution  of  nonvolatile 
acids  was  found  3  g  of  oxalic  acid  whose  identity  was  confirmed  by  analysis  of  the  calcium  salt. 

Found ‘7o'  Ca  27.70,  27.45.  CgOjCa-HgO.  Calculated  C  27.30. 

VI.  Trans  2 -(hydioxvmethylj-cyclopaiopane-l-carboxylic  acid  (IV).  Saponification  of  the  cyclic  ester  (III) 
for  the  purpose  of  preparing  2-hydroxymethyl-cvclopropane  carboxylic  acid  was  effected  by  various  methods,  in¬ 
cluding  the  action  of  a  methyl  alcoholic  solution  of  potassium  hydroxide,  the  action  of  aqueous  solutions  of  potas¬ 
sium  hydroxide,  and  tne  action  of  barium  hydroxide.  The  best  yields  could  be  obtained  by  the  following  proced¬ 
ure. 


Into  a  ihiea-lve:  roand  bottomed  flask  fitted  with  a  stirrer  and  a  reflux  condenser  was  charged  186  g  (Imole) 
cyclic  ester;  (HI)  and  1400  mi  of  2N  solution  of  potassium  hydroxide.  The  reaction  mixture  was  boiled  with  stining 
until  the  origmaliy  mrbid  solution  Had  become  transparent.  After  cooling,  the  excess  of  alkali  was  neutralized  to 
phenolphthalein  with  2  N  sulfuric  acid  (the  ratio  of  the  volumes  of  solutions  of  alkali  and  acid  determined  by  ti¬ 
tration  to  phenolphthaiein  was  25  ml  2N  KOH  to  20.2  ml  of  2  N  H,S04).  66  mi  of  2  N  IH^SO^  was  consumed. 

If  we  assume  that  3<7o  ethyl  fumarate  is  contained  in  ester  (III),  then  the  calculated  C  and  H  contents  of  the 
cmde  preparation  are  resiiectively  57.93  and  7.48^* 
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equivalent  to  82  ml  of  2N  solution  of  excess  KOH.  The  neutral  solution  was  then  concentrated  on  the  water  bath 
to  a  volume  of  about  300  ml,  and  to  this  solution  was  added  1000  ml  2N  HiSO^  — an  amount  nearly  sufficient  for 
complete  separation  in  the  free  state  of  both  of  the  organic  acids  (the  theoretical  requirement  is  1065  ml  2N 
l^SO^).  The  acidified  solution  was  concentrated  in  vacuum  to  a  volume  of  200  ml  prior  to  removal  by  steam- 
distillation  of  the  main  bulk  of  ethyl  acetate  formed  in  the  hydrolysis.  The  residue  of  acetic  acid  was  removed 
from  the  solution  by  steam-distillation  at  the  ordinary  pressure.  The  solution  was  then  acidified  for  the  last  time 
(70-100  ml  2N  HJSQ4)  and  transferred  to  a  Soxhlet  apparatus  for  ether  extraction  of  the  cyclic  acid. 

After  extraction  for  several  days  (the  acid  is  sparingly  soluble  in  ether  and  readily  soluble  in  water),  the 
ether  was  evaporated  off  and  the  residual  oily  acid  was  kept  in  a  vacuum,  first  at  room  temperature  and  then  at 
50-60*;  in  this  way  the  remaining  ether,  water  and  acetic  add  were  removed.  The  acid  dried  in  this  manner 
is  a  pale-yellow,  very  viscous  oil.  Yield  92.8  g  or  80^  of  theory  calculated  on  the  ester  (HI),  On  prolonged  stand¬ 
ing  in  the  desiccator  it  gradually  crystallizes,  but  not  completely,  a  portion  remaining  as  an  oil.  In  the  experiment 
here  described,  the  crystallized  acid  was  filtered  off  at  the  pump  to  get  rid  of  the  oil  and  the  crystals  washed  on  the 
filter  with  a  small  quantity  of  cold  ether.  After  keeping  on  a  porous  porcelain  plate  the  crystals  were  freed  from 
the  last  traces  of  adsorbed  oil.  The  solid  acid  was  a  white,  bulky  powder  melting  at  63*.  Weight  57.6  g.  By  the 
method  described  blow  the  separated  oil  yielded  a  further  7  g  solid  acid  melting  at  62-64*.  Consequently  the  total 
yield  of  crystalline  trans'<2Xhydroxymethyl)-cycloi*opane-l -carboxylic  acid  was  64.6  g  or  bb.'Pjo  of  theory.  The 
acid  was  obtained  in  the  analytically  pure  form  after  a  single  recrystallization  from  a  mixture  of  ether  and  pet¬ 
roleum  ether.  M.  pt.  64-65*. 

0.2794  g,  0.1761  g  substance;  32.3  ml,  20.3  ml  0.1  N.  NaOH  (factor  0.7456).  0.1301  g.  0.1312  g  sub¬ 
stance;  0.2459  g,  0.2495  g  COj;  0.0830  g,  0.0846  g  HjO.  Found,  equiv.  116,1<^"  C  51.72;  H  6,94. 

Oxidation  of  acid  (IV).  5.8  g  (0.05  mole)  of  acid,  dissolved  in  a  little  water,  was  ueated  In  the  cold  with 
the  calculated  amount  (10.5  g  =  0.066  mole)  ;  of  potassium  permanganate  used  in  the  form  of  30^o  solution.  After 
working  up  in  the  usual  manner,  the  aqueous  solution  of  the  oxidation  products  was  concentrated  to  a  volume  of 
40-50  ml,  acidified  widi  3  ml  concentrated  sulfuric  acid,  and  extracted  with  ether  in  the  Soxhlet. 

The  ether  extract  yielded  5.5  g(84.6%ofthBory)of  crystalline  trans-2-cyclopropane  1,2-  dicarboxylic  acid 
with  m.  pt.  173*  (175*  after  crystallization  from  water),  in  agreement  with  the  literature  [7]. 

Found  C  46.32;  H  4.99;  equiv.  64.89,  64.88.  CjHifCOjH),.  Calculated  C  46.17;  H  4.75;  equiv.  65.05. 

There  was  no  melting  point  depression  in  admixture  with  a  preparation  of  the  same  acid  obtained  by  another 
route  [1]. 

VII.  Lactone  of  cis-2-(hydroxymethyl)-cyclop:opane-l,2-dicarboxylic  acid  (V).  28  g  of  the  oily  acid  filtered 
off,  as  above,  from  the  solid  acid  (IV),  was  subjected  to  supplementary  drying  by  keeping  in  a  10  mm  vacuum,  first 
at  60*  and  then  at  90*.  This  operation  likewise  failed  to  cause  crystallization.  An  attempt  was  then  made  to  dis¬ 
til  the  liquid  acid  in  a  2  mm  vacuum.  This  distillation  yielded  (from  24  g  liquid  acid)  7.1  g  of  colorless  distillate 
boiling  at  62-72*  (1. 5-2.5  mm),  leaving  16.3  g  residue  which  crystallized  on  standing.  Pressing  on  a  porous  plate 
followed  by  recrystallization  from  ether-petroleum  ether  mixture  gave  7  g  of  trans-2-(hydtoxymethyl)“cyclopropane- 
1-carboxylic  acid  with  m.  pt.  62-64*.  Following  a  second  distillation,  the  main  portion  of  the  distillate  had  b.  pt. 
66-70*  (2  mm)  and  its  analysis  corresponded  to  that  of  lactone  (V);  d^  1.199;  dj®  1.180;  njj  1.4652;  M!^  23.00; 
calculated  23.24. 

0.1464  g,  0.1340  g  substance;  0.3278  g,  0.3055  g  CO|;  0,0824  g,  0.800  g  HjO.  0.1654  g,  0.2074  g  substance; 

17.17  g,  16.70  g  benzene;  At  0.47*,  0.60*.  Found  ojc:  C  61.05,  60.81;  H  6.30,  6.53;  M  105,4,  106.4.  CgHA- 

Calculated  C  61.22;  H  6.17;  M  98.1. 

The  lactone  is  not  attacked  by  0.1  N  caustic  alkali  solution  on  momentary  contact.  In  the  cold  the  alkali  is 
slowly  consumed;  on  heating  with  excess  0.1  N  alkali  solution  the  lactone  ring  is  quickly  ruptured.  Below  are  pre¬ 
sented  data  for  molecular  weight  determination  of  lactone  (V)  by  the  back -titration  method  (using  phenolphthalein); 
0.1803  g.  0.1784  g  substance:  50  ml,  50.2  ml  0.1  N  NaOH  (factor  0.7285);  16.35  ml,  16.70  ml  0.1  N  HCl  (factor 
1.083).  Found;  M  96.36,  96.61.  CjHA-  Calculated;  M98.il. 

Raman  spectrum  of  lactone  (V);  185(6),  243(4),  378(4),  478(5),  558(1).  613(9),  648(2),  705(10),  780(6),  829(5), 
850(9),  8  99(4).  952(8),  975(6),  994(4),  1038(2),  1055(2),  1112(3),  1171(7).  1220(2),  1309(3),  1344(4),  1373(1),  1450(3), 
1481(4),  1760(6W),  2910(5),  2981(4),  3002(5),  3085(8). 
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The  spectrum  of  the  lactone  was  recorded  with  an  ISP‘61  triptism  spectrograph.  Slit  width  0.04  nun.  Expos¬ 
ure  period  6  hours.  Glass  light  filter;  Hg  436.  Intensities  were  evaluated  photometrically. 

Oxidation  of  lactone  (V).  To  3.95  g  (0.04  g-mole)  lactone  was  added  a  solution  of  2.25  g  (0.04  g-mole) 
potassium  hydroxide  in  20  ml  of  water,  and  the  resultant  solution  of  potassium  salt  of  acid  (IV a)  was  treated,  first 
in  the  cold  and  then  on  the  water  bath,  with  the  calculated  amount  (8.45  g)  potassium  permanganate  in  the  form 
of  a  3*70  solution.  After  working  up  in  the  usual  manner,  the  cis-cyclopropane-l,2“dicarboxylic  acid  was  separated 
from  the  acidified  solution  by  ether  extraction.  Yield  3.12  g  (0.024  g-mole,  60‘5!>  of  the  theoretical  yield).  After 
two  crystallizations  from  water  it  melted  at  138-139*[9]. 

Found  °Jo-.  C  45.90,  45.77;  H  4.77,  5.01;  equiv.  65.75,  65.67.  C,H4(COiH)*.  Calculated  ^Jo:  C  46.17;  H  4.65; 

equiv.  65,05. 


SUMMARY 

1  It  is  shown  that  reaction  of  diphenyldiazomethane  with  allyl  acetate  results  in  a  59^  yield  of  1  acetOxy- 
methyl'^,2'diphenyicyciopropane,  which  on  alkaline  hydrolysis  gives  the  previously  investigated  1-hydroxymethyl- 
2,2“diphenylcyciop»opane. 

2.  ByT^oducts  of  the  first -mentioned  reaction  are  benzopnenone,  ketazine  (teuaphenylazimethylene)  and  a 
product  of  similar  structure  to  ketazine  which  on  alkaline  hydrolysis  yields  tetraphenylethane,  benzophenone  and 
hyd.razine  sulfate. 

3.  Rreaction  of  ethyl  diazoacetate  with  allyl  acetate  in  presence  of  copper  sulfate  leads  to  formation  in  IQPjo 
yield  of  2‘(acetoxymethyl)‘cyclopropane-l'catboxylic  acid  together  with  an  insignificant  amount  of  ethyl  fumarate. 

4.  Alkaline  hydrolysis  of  2-(acetoxymethyl)“cyclopropane-l -carboxylic  acid  is  shown  to  yield  a  mixture  of  the 
trans-  and  cis  forms  of  the  corresponding  cyclic  hydroxy  acid;  the  trans-isomer  can  be  isolated  from  the  mixture,  and 
the  cis-form  can  be  converted  into  the  lactone  by  heating. 

5.  By  oxidation  of  the  trans-isomer  of  the  acid  it  is  possible  to  obtain  transcyclopropane-1, 2-dicarboxylic 
acid  in  a  yield  of  847o  of  theory;  oxidation  of  the  lactone  gives  the  cis-form  of  the  acid  in  60<5(>  yield. 

6.  The  stuctures  of  the  cyclic  ester  and  of  the  bicyclic  lactone  were  confirmed  by  data  for  the  Raman  spec¬ 
tra  of  these  compounds. 
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STERIC  HINDRANCE  IN  ORG  A  N  OMA  GNESIUM  REACTIONS 


Xn.  THE  REACTION  OF  DIMETHYL  OXALATE  WITH  DI-  ortho  -SUBSTITUTED  .  AKCL  MAGNESIUM  HALIDES 
I.  I.  Lapkin,'  N.  K.  Ponomareva  and  L.  Yu.  Pinegina 


In  a  previous  communication  [1]  a  study  was  made  of  the  cause  and  mechanism  of  the  reductive  reactions 
which  take  place  when  esters  react  with  organomagnesium  compounds. 


The  stability  of  the  initially  formed  compound 

/  \ 

R*^  OCHiR" 


depends  both  on  the  character  of  the  radicals  R  and  R*  and  on  the  character  of  the  alkoxyl  group.  The  more  elec¬ 
trophilic  are  radicals  R  and  R',  the  less  stable  is  the  compound.  The  stability  may  be  reduced  to  such  an  extent  on 
heating  at  40-42*’  (the  boiling  point  of  the  ethereal  solution)  that  the  compound  decomposes  according  to  the  equa¬ 
tion: 


R  OMgX  R^  OMgX 

^C\  — ►  ^Cy  +  R»-CHO, 

FT  ^OCI^R"  R^  ^H 

which  also  Involved  reduction.  The  decomposition  is  naturally  pouible  if  the  esters  are  formed  with  primary  and 
secondary  alcdbols.  Thus  the  esters  of  oxalic  acid  containing  both  primary  and  secondary  alkoxyl  groups  form 
esters  of  secondary  a -hydroxy  acids  [2,3]  on  reacting  with  ortho-substituted  aryl  magnesium  halides  and  with 
branched  alkyl  magnesium  halides. 

As  was  pointed  out  in  the  same  paper  [1],  the  only  exception  is  the  dimethyl  ester  of  oxalic  acid  which  when 
reacted  with  equivalent  amounts  of  di-ortho-substituted  aryl  magnesium  halides  forms  methyl  esters  not  of  a -hydroxy 
acids  but  the  normal  products  of  the  first  stage  of  the  reaction -methyl  esters  of  a-keto  acids. 

This  difference,  however,  is  not  fundamentally  significant,  as  will  be  demonstrated  in  the  present  paper.  The 
difference  only  resides  in  the  higher  thermal  stability  of  the  magnesium  complex  formed  with  the  above  compounds; 
its  decomposition  calls  for  a  much  higher  temperature  (100*). 

Under  these  conditions  dimethyl  oxalate  and  methyl  magnesium  bromide  form  the  methyl  ester  of  2,4,6-tri- 
methylmandelic  acid  (experiment  1).  Under  the  stated  conditions  dimethyl  oxalate  and  duryl,  isoduryl  and  penta- 
methylphenyl  magnesium  bromides  slmilary  react  to  form,  respectively  (experiments  2,3,4),  the  methyl  esters  of 
2,3,5, 6-tetvamethyl,  2,3,4,6-tetramethyl  and  pentamethylmandelic  acids  (I). 

In  connection  with  the  reaction  of  the  methyl  ester  of  oxalic  acid  with  sterically  hindered  organomagnesium 
compounds,  we  must  take  account  of  still  another  feature  — the  occurrence  in  large  measure  of  saponification  which 
results  in  tne  formation  of  a  relatively  large  amount  of  magnesium  oxalate. 

In  general,  as  shown  previously  (1,2),  the  formation  of  esters  of  secondary  a  -hydroxy  acids  with  the  help  of 
esteis  of  oxalic  acid  is  nearly  always  accompanied  to  some  degree  by  the  side  reaction  of  saponification  of  these 
esters,  probably  in  accordance  with  the  equation  put  forward  by  Stadnikov  [4]  and  Zalkind  [5].  The  possibility  is 
not  excluded  of  saponfication  proceeding  by  another  route,  similar  to  the  alkylation  of  esters  with  sulhuic  acids 
and  sulfo  acids.  Cases  are  even  known  of  the  formation  of  esters  of  organic  acids  by  such  a  method.  For 
example ,  Gilman  and  Robinson  [6]  found  that  allyl  benzoate  and  phenyl  magnesium  bromide 
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form  a  small  quantity  of  aliylbenzene  while  Arnold  [7]  obtained  57%  of  allylmesitylene  with  the  help  of  the  same 
ester 

W  th  the  majority  of  the  esters  of  oxalic  acid  the  saponification  reaction  proceeds  to  a  minor  degree,  but  with 
diphenyl  and  dimethyl  esters  th :s  side  reaction  becomes  the  principal  one.  Experiments  with  various  esters  of  oxalrc 
acid  and  mes’tyl  magnesium  biomide  have  yielded  the  following  esters  with  the  degrees  of  saponification  shown; 
Diphenyloxalate  - 80%  dimethyl  oxaiate  — 40%'  diethyl  oxalate  — 16%:  di-n-butyl  oxalate  —10%;  diisobutyl  oxalat® 

9%:  diisopropvl  oxalate -6%. 

The  above  f  gures  show  that  the  degree  of  saponification  depends  on  the  character  of  the  radicals  of  the  alkoxyl 
group  entenng  .■.nto  the  composition  of  the  oxalic  acid  esters.  The  more  electronegative  is  the  radical,  the  greater 
the  degree  of  this  reaction.  The  radicals  concerned  can  thus  be  arranged  in  the  following  order  of  electronegativity; 

/l3'~  '2 '' 

-'  4  1  • — C-Or.-COOCria  CeH.  -  >0^.,- >  CjHg- >  nC4H9->  iso-C^Hg-^  iso-CjHT- 

'5  6 

Th-s  order  agrees  entirely  with  that  of  Norris  [8]  and  Kharasch  [9]. 

The  saponifying  tendertcy  of  the  met^'y!  and  phenyl  esters  of  oxalic  acid  can  be  exploited  for  the  development 
of  a  rathe  interesting  method  of  syntnesis  of  di  ortho-substituted  arylglyoxalic  acids.  Although  magnesium  oxalate 
does  not,  as  ou;  experiments  showed,  react  with  aryl  magnesium  halides  either  under  the  usual  temperature  condi¬ 
tions  employed  for  organomagnesium  reactions  or  at  much  higher  temperatures  (100*),  it  was  to  be  expected  that  at 
the  instant  of  .ts  fo*mati.on  this  salt  would  be  more  active  and  on  reaction  with  di-ortho-substituted  aryl  magnesium 
hal’  les  t  would  form  the  magres  .um  salt  of  the  arylglyoxy  i.c  ac'ds 

The  formation  of  arylglyoxyl  c  acids  might  be  explained  by  the  possibility  of  saponification  of  the  already 
formed  esters  of  the  arylglyoxvl 'C  ac^ds  with  magnesium  bromide,  but  this  possibility  is  ruled  out  because  it  has 
been  expe'imentady  shown  that  esters  of  mesitvlglyoxylic  acid  are  not  saponified  by  magnesium  bromide  at  100®. 

With  d*methvi  oxalate  unde*  the  stared  conditions,  mesityl,  duryl,  isoduryl  and  pentamethylphenyl  magnesium 
bromides  form,  respectively,  2,4. 6  tnmethy.phenyi,  2,3;5.6"tetramethylphenyl,  2,3,4, 6-tetramethylphenyl  and  pen- 
tamethylpnenylgiyoxylic  acids  With  yields  of  30-20%  (experiments  1,2,3  and  4).  In  the  case  of  monosubstituted  aryl 
magnes.um  haiides  it  was  no*  found  poss*bie  to  effect  the  reaction  in  such  a  manner. 

Consequently  three  pi-oducrs  a  e  formed  by  ieaction  of  dimethyl  oxalate  with  di-ortho-substituted  aryl  mag¬ 
nes.um  halides  at  an  elevated  tempeiatuie  (100"),  Methyl  esters  of  arylglycolic:  acids,  arylglyoxylic  acids,  and 
the  magiesium  salt  of  oxalic  acid  In  view  of  the  fact  that  the  arylglyoxylic  acids  are  obtained  in  a  fairly  pure 
foim,  the  method  can  be  recommended  for  the  p  eparation  of  these  ac  ds 

EXPERIMENTAL 

1  React  or*  between  mes  ty'  magnes'iim.  biom.de  and  dimethyl  oxalate  at  high  temperature  (ratio  of  1;1). 

To  a  so.',ut..on  'n  etne*  of  30  g  d.meth,:!  oxaiate  (0  25  mole)  is  gradually  added  an  ethereal  solution  of  mesityl  mag- 
nes.um  brom.’de  prepa  ed  from.  50  g  n:;es  tyi  b^om  de  (0  25  mole)  and  6.5  g  magnesium.  After  the  mixing  of  the 
reaction  compor.e'’ts  t’-'e  e»riV<  e.^e-  was  lepiaced  by  lofuene  and  the  leaction  mixture  then  heated  for  20  hours  on 
a  boJ'ng  wate;;  bath,  after  wh’ch ’t  was  decomposed  w:t.h  water  and  10%  hydrochloric  acid.  Following  the  removal 
of  the  aqueoiis  layer  me  toluene  so>ut.on  was  washed  with  water,  with  10%  sodium  carbonate  and  again  with  water 
um.'.l  the  resicror;  was  neut  ai,  and  then  d-ried  w'th  calcined  sodium  sulfate.  Finally,  after  distilling  off  the  toluene, 
the  iesidua\  mixtu  e  of  substances  was  dist3.Ued  m  vacuum.  The  main  fraction  (130-145*  at  6  mm,  6  g)  was  dissolved 
in  petroleum  ether  (boiling  up  to  70°)  and  cooled.  The  separated  crystals  of  the  methyl  ester  of  2,4,6-trimethyl- 
mandelic  acid  were  put.fied  by  lecrystalliZation  from  the  same  solvent  until  the  m.  pt.  was  constant  at  90-91*. 

0.1076  g  substance:  0  2722  g  ca^,  0.0757  g  rijO.  Found  %:  C  69.23;  H  7.89.  CuHigOs.  Calculated  %; 

C  69.22;  .H  7  75.  0.1678  g  substance:  18.3  ml  (20*,  754  mm).  Found  %:  OH  7.6.  Ci2Hie08.  Calculated 

%;  Ori  8  1. 

The  literature  [10]  g  ves  the  m.  pt.  of  me  eiter  as  90  •91''  and  91-92*. 

The  soda  solution  was  washed  tw’ce  with  ethei  and  then  acidified  with  hydrochloric  acid;  the  resultant  yellow 
crystals  of  2,4,6 -timethylphenylglyoxylic  acid  were  washed  with  cold  water,  dried,  and  purified  by  a  single  recrys- 
tallizat^onhorr.  petoleum  ether-toluene  mixture.  M.  pt.  115-116*.  Yield  12.5  g  (25%). 
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0.1153  g  substance;  0.2915  g  CO{;  0.0665  g  H|0.  Found  C  68.99;  H  6.45.  CuHjtO].  Calculated 

C  68.71;  H  6.30.  0.1939  g  substance;  23.6  ml  CH4(20*,  754  mm).  Found  active  H  0.50.  CuH||0|. 

Calculated  ofc;  active  H  0.52. 

In  the  literature  [10]  this  acid  is  stated  to  melt  at  116,  118*. 

An  increased  yield  of  this  acid  did  not  result  from  raising  the  temperature  of  heating  of  the  reaction  mixture 
to  140*. 

2.  Reaction  between  duryl  magnesium  bromide  and  dimethyl  oxalate  at  a  high  temperature  (ratio  1;1). 

As  in  the  preceding  experiment,  addition  to  the  ether  solution  of  dimethyl  oxalate  was  made  of  an  ether  solu¬ 
tion  of  duryl  magnesium  bromide  (0.1  mole)  prepared  under  the  previously  described  conditions  [2].  After  the 
reactants  had  been  mixed  the  ether  was  replaced  by  toluene  and  the  mixture  heated  on  the  boiling  water  bath 
for  20  hours.  Decomposition  of  the  magnesium  complex  was  effected  with  water  and  20*^  hydrochloric  acid. 
Treatment  of  the  toluene  layer  {IVjo)  with  soda  solution  brought  down  the  sodium  salt  (sparingly  soluble  in  water) 
of  2,3,5,6-tetramethylphenylglyoxylic  acid  which  was  filtered  off,  washed  with  ether  and  dried. 

Decomposition  of  this  salt  with  10*70  hydrochloric  acid  yielded  light-yellow  crystals  of  2,3,5, 6-tetramethyl- 
phenylglyoxylic  acid  (7.5  g,  yield),  which  were  washed  with  water  and  dried  priOT  to  purification  by  recrys¬ 
tallization  from  a  mixture  of  petroleum  ether  and  toluene  until  the  melting  point  was  constant  at  125-126*. 

0.1097  g  substance;  0.2802  gCO,;  0.0676  g  H|0.  Found  *70;  C  69.69;  H  6.90.  Calculated*^ 

C  69.88;  H  6.84.  0.1297  g  substance;  14.2  ml  CH^(n.5*,  762  mm).  Found  active  H  0.46. 

Calculated  *7>:  active  H  0.48. 

A  m.  pt.  of  124*  is  reported  for  2,3,5,6-tetramethylphenylglyoxylic  acid  in  the  literature  [10]. 

The  toluene  solution  was  washed  with  water  and  dried.  Distillation  gave  a  fraction  (2.75  g)  at  145-165*  at 
8  mm  which  was  dissolved  in  an  equal  amount  of  petroleum  ether  and  cooled.  The  resultant  crystals  of  the  methyl 
ester  of  2,3,5,6-tetramethylmandelic  acid  were  purified  by  further  recrystallization  from  the  same  solvent  until 
the  melting  point  was  constant  at  119-120*. 

0.1173  g  substance;  0.3010  g  COj;  0.0861  g  HjO.  Found*7>:  C  76.02;  H  8.21.  CuHxgOs.  Calculated 

C  70.24;  H  8.16.  0.1245  g  substance;  11.6  ml  CH4  (17.5*,  766  mm).  Found  OH  6.74.  CxsHjgO,. 

Calculated  *7!;;  OH  7.60. 

This  ester  has  not  been  described  in  the  literature. 

3.  Reaction  of  dimethyl  oxalate  with  duryl  magnesium  bromide  at  high  temperature  (ratio  of  1;1).  This 
reaction  was  performed  with  the  same  amounts  of  components  (0.25  mole  each)  and  under  the  same  conditions 
as  in  experiment  1. 

After  distillation,  from  the  toluene  solution  was  obtained  a  fraction  (4  g)  at  140-185*  (11  mm). 

A  narrower  cut  of  this  fraction  (155-165*  at  11  mm)  was  collected  (3  g).  It  was  dissolved  in  petroleum  ether 
and  cooled.  The  separated  crystals  of  the  methyl  ester  of  2,3,4,6-tetramethylmandelic  acid  were  purified  by  re¬ 
crystallization.  M.  pt.  80-81*. 

0.1201  g  substance;  0.3081  g  CO,;  0.0869  g  H,0.  Found  *7>;  C  70.01;  H  8.10.  CigHigO,.  Calculated‘S; 

C  70.24;  H  8.16. 

There  was  separated  from  the  soda  solution,  by  the  previously  described  method,  liquid  2,3,4,6-tetrameth- 
ylphenylglyoxylic  acid  in  the  amount  of  14  g  (25*^)-  Reduction  of  this  acid  with  sodium  amalgam  in  aqueous  al¬ 
coholic  solution  yielded  2,3,4, 6-tetramethyimandelic  acid  with  m.  pt.  153*.  The  literature  [10]  gives  156*. 

4.  Reaction  of  dimethyl  oxalate  with,  pentamethylphenyl  magnesium  bromide  at  high  temperature  (ratio  of 
lO),  Since  neither  peniamethyiphenyl  bromide  nor  the  dibromide  reacted  completely  with  magnesium,  the  ether 
solution  of  pentamethylphenyl  magnesium  bromide  was  prepared  under  the  previously  described  conditions  [2],  i.e., 
in  presence  of  an  equivalent  amount  of  ethyl  bromide. 

The  so  prepared  ethereal  solution  of  pentamethylphenyl  magnesium  bromide  (0.25  mole)  was  gradually  poured 
into  an  etnereal  solution  of  44  g  of  dimethyl  oxalate.  After  mixing,  the  ether  was  replaced  by  toluene,  and  the  re¬ 
action  mixture  heated  on  the  boiling  water  bath  for  a  period  of  20  hours.  Further  treatment  of  the  mixture  was  as  in 
the  previous  experiments 
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The  main  fraction  of  6  g  (140-150*  at  6  mm)  was  dissolved  in  petroleum  ether  and  cooled.  The  crystals  of 
methyl  pentamethyl  mandelate  were  purified  by  recrystallization  from  the  same  solvent.  M.  pt.  128-129°. 

0.1101  g  substance:  0.2865  g  CC\;  0.0847  g  H|0.  Found  C  71.00;  H  8.61.  CjaHjjPj.  Calculated  °Jo\ 

C  71.16;  H  8.53.  0.1212  g  substance:  11.4  ml  CH4(18*,  758  mm).  Found  «lo-.  OH  6.7.  C14HJ9O,. 

Calculated  OH  7.2 

The  ester  has  not  been  described  In  the  literature. 

The  soda  solution  was  twice  washed  with  ether  and  then  acidified  with  hydrochloric  acid.  The  resultant 
yellow  crystals  of  pentamethylphenylglyoxylic  acid  were  purified  by  recrystallization  from  toluene.  M.  pt.  131-132* 
(yield  20<)b). 

The  literature  gives  a  melting  point  of  122  (from  hot  alcohol). 

0.1136  g  substance;  0.2941  g  CO^t  0.0738  g  l%0.  Found  ofe:  C  70.72;  H  7.28.  Calculated  ofo:  C  70.80; 

H  7.32. 

SUMMARY 

1.  A  study  has  been  made  of  the  reaction  of  dimediyl  oxalate  with  equivalent  amounts  of  di^rtho^ubstituted 
aryl  magnesium  bromides.  New  experimental  material  has  confirmed  the  validity  of  the  previously  proposed  mech¬ 
anism  of  the  reductive  reactions  which  sometimes  take  place  when  esters  react  with  organomagneslum  compounds.* 

2.  A  method  is  suggested  fat  the  preparation  of  dl-«rtho>substltuted  arylglyoxylic  acids  in  a  yield  of  up  to 
25-30<5b* 


LITERATURE  CITED 

[1]  I.  I.  Lapkin.  J.  Gen.  Chem..  17,  1339(1947). 

[2]  I.  I.  Lapkin,  J.  Gen.  Chem.,  16,  721  (1946);  17,  1332  (1947). 

[3]  I.  I.  Lapkin  and  A.  V.  Lyubimova,  J.  Gen.  Chem.,  18,  701  (1948). 

[4]  G.  L.  Stadnikov,  Anomalous  Grignard  reactions,  p.  81  (Odessa,  1916). 

[5]  Yu.  S.  Zalkind,  J.  Russ.  Chem.  Soc.,  46,  692  (1914). 

[6]  H.  Gilman  and.  I.  D.  Robinson,  Chem.Zentr.,  II,  2554(1929). 

[7]  R.  T.  Arnold,  R.  Liggett  and  S.  Scarles,  J.  Am.  Chem.  Soc.  70,  3938  (1948). 

[8]  C.  D.  Hurd,  Pyrolysis  of  Carbon  Compounds,  p.  30  (Moscow,  1938). 

[9]  M.  Kharasch  and  Flenner,  J.  Am.  Chem.  Soc.,  54,  674  (1932). 

[10]  Beilstein. 

Received  June  17,  1950  Organic  Chemical  Laboratory 

A'.  M.  Gorky -Molotov  State  University 


1410 


STERIC  HINDRANCE  IN  ORGA  NOMA  GNESIUM  REACTIONS 


XIII.  PREPARATION  OF  KETONES  BY  REACTION  OF  ACID  HALIDES  WITH  ORGA  NOMAGNESIUM  COMPOUNDS 


I.  I.  Lapkin,  N.  I.  Latosh  and  E.  S.  Belov 


In  one  of  the  previous  communications  [1]  it  was  pointed  out  that  the  existing  belief  in  the  Impossibility  of 
obtaining  ketones  by  reaction  of  organomagnesium  compounds  with  halides  of  monocarboxyllc  acids  only  holds  good 
for  a  relatively  small  group  of  low-molecular  organomagnesium  compounds  and  acid  halides  when  both  components 
are  free  from  steric  hindrance.  This  is  not  true  of  the  other  groups  of  these  compounds.  If  in  one  of  the  reactants 
the  structure  is  such  as  to  cause  steric  hindrance,  then  the  formation  of  ketones  by  the  reaction  in  question  is  quite 
feasible. 

On  iite  basis  of  the  reaction  of  acetyl  and  benzoyl  chlorides  with  organomagnesium  compounds  it  was  shown 
that  di-<vtho-substituted  aryl  magnesium  bromides  form  only  ketones,  regardless  of  the  reaction  conditions,  while 
mono-ortho-substituted  magnesium  complexes  only  yield  ketones  as  the  sole  product  if  certain  conditions  are  ob“ 
served. 

The  investigations  described  in  the  present  paper  had  the  objective,  firstly,  of  showing  with  the  help  of  a 
large  amount  of  experimental  material  that  the  conclusions  previously  reached  were  generally  valid,  and,  secondly, 
of  elucidating  the  influence  of  the  character  of  the  radicals  and  halides  entering  into  the  composition  of  acid 
chlorides  upon  the  course  of  the  reaction  and  the  quantitative  yield  of  ketones. 

The  reactants  selected  fa  investigation  were,  on  the  one  hand,  aryl  magnesium  halides  variously  substituted 
in  the  ortho-position  (and  thus  with  varying  degrees  of  steric  hindrance)  and,  on  the  other  hand,  chlorides  of  iso¬ 
valeric,  butyric  and  isobutyric  acids. 

Mesityl  magnesium  bromide  reacts  with  the  above  chlorides  to  form  isobutyl,  propyl  and  isopropyl  mesityl 
ketones  under  any  reaction  conditions  (i.e.  regardless  of  the  ratio  of  components,  the  order  of  their  mixing  and 
the  duration  of  heating). 

In  contrast  to  the  di-ortho-substituted  compounds,  the  mono-ortho-substituted  aryl  magnesium  hal  ides,  par¬ 
ticularly  o-tolyl  magnesium  bromide,  and  also  a -naphthyl  magnesium  bromide  whose  second  ring  can  be  arbi¬ 
trarily  regarded  as  one  ortho-substituent,  manifest  insufficient  hindrance  to  permit  the  reaction  to  be  stoppeo  at 
the  stage  of  ketone  formation.  Conditions  favoring  stoppage  at  the  required  stage  must  be  created,  and  then  ke¬ 
tones  are  likewise  the  sole  reaction  products.  As  previously  shown  [1],  such  conditions  are:  Mixing  of  the  reactioi 
components  in  equimolar  amounts,  the  addition  of  the  Grignard  reagent  to  the  cooled  ethereal  solution  of  the  acid 
chloride.  Under  these  conditions  o-iolyl  magnesium  bromide  and  a -naphthyl  magnesium  bromide  react  with  the 
chlorides  of  butyric,  valeric  and  isobutyric  acids  to  form  exclusively  ketones. 

It  was  impossible  to  obtain  ketones,  however,  from  aryl  magnesium  halides  not  substituted  in  the  ortho-posi¬ 
tion  even  when  the  reaction  mixture  was  rather  intensively  cooled  (down  to  — 15*).  Formation  occurs,  side  by  side 
with  ketones,  of  products  of  the  second  stage  of  reaction -tertiary  alcohols.  •  Results  are  presented  in  Table  1. 

The  data  of  Table  1  demonstrate  that  the  yield  of  ketones  is  greatly  influenced  by  the  nature  of  the  radicals 
of  the  halides  of  monocarboxyllc  acids.  This  effect  is  further  illustrated  by  the  data  set  out  in  Table  2  in  which  the 
percentage  yields  of  ketones  are  arranged  in  order  of  increasing  magnitude;  the  figures  in  brackets  are  the  yields 
of  dehydration  products  (tertiary  alcohols). 

The  gradual  increase  in  the  ketone  yields  in  the  order  shown  in  the  table  is  explained  by  the  fact  that  the 
In  practice  not  tertiary  alcohols  but  products  of  their  dehydration  (unsaturated  hydrocarbons)  are  formed. 
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TABLE  1 


No. 

Reaction 

Ratio 

Ketone 

Yield  of 
ketone  (‘Jfc) 

Yield  of  u 

hydrocarbi 

1 

Mesityl  magnesium  bromide  +  iso- 

valeryl  chloride 

1:1 

Isobutyl  mesityl  ketone 

20 

— 

2 

Mesityl  magnesium  bromide  +  iso- 

valeryl  chlwide 

2;1 

Isobutyl  mesityl  ketone 

39 

— 

3 

o-Tolyl  magnesium  bromide  iso- 

valeryl  chloride 

1;1 

Isobutyl  o-tolyl  ketone 

46 

— 

4 

a  -Naphthyl  magnesium  bromide  ■¥ 

isovaleryl  chloride 

Isobutyl  a-nai^thyl  ketone 

52 

— 

5 

p*Tolyl  magnesium  bromide  ^ 

- 

Isovaleryl  chloride 

1:1 

Isobutyl  p-tolyl  ketone 

39 

13 

6 

Phenyl  magnesium  bromide 

isovaleryl  chloride 

1:1 

Isobutyl  phenyl  ketcMie 

32 

28 

7 

Mesityl  magnesium  bromide  but- 

yryl  chloride 

1;1 

Propyl  mesityl  ketone 

18 

— 

8 

Mesityl  magnesium  bromide  4 

butyryl  chloride 

2:1 

Propyl  mesityl  ketone 

37 

— 

9 

o^Tolyl  magnesium  bromide  -f 

butyryl  chloride 

1:1 

Propyl  O4olyl  ketone 

42 

— 

10 

a -Naphthyl  magnesium  bromide  •¥ 

butyryl  chloride 

1:1 

Propyl  a -naphthyl  ketone 

51 

— 

11 

Phenyl  nugnesium ^bromide  * 

butyryl  chloride 

1:1 

Propyl  phenyl  ketone 

27 

24 

12 

Mesityl  magnesium  bromide 

isobutyryl!  chloride 

1:1 

Isopropyl  mesityl  ketone 

45 

— 

13 

Mesityl  magnesium  bromide 

isobutyfyi:  chloride 

2:1 

Isopropyl  mesityl  kotone 

55 

— 

14 

o-Tolyl  magnesium  bromide  •¥ 

isobutyryL'-  chloride 

1:1 

Isopropyl  o-tolyl  ketone 

53 

— 

.16 

a^aphdiyl  magnesium  bromide  4 

Isobutylyll  phloride 

1:1 

Isopropyl  a -naphthyl  ketone 

65 

— 

16 

Phenyl  irugnesium  bromide  4 

isobutylyll  chloride 

1:1 

iso- Propyl  phenyl  ketone 

42 

20 

TABLE  2 


Acid  chloride 

Aryl  magnesium  bromide 

Mesityl 

o-Tolyl 

a  ^i^thyl 

Phenyl 

Acetyl* 

10 

30(14) 

50(2.5) 

19(22) 

Butyryl 

18 

42 

51 

27(24) 

Isovaleryl 

20 

46 

52 

32(28) 

Isobutyryl 

45 

53 

65 

42(20) 

inductive  repulsion  of  elecuons  by  the  radiceli 
is  Intensified  in  the  following  order  [2,3]; 
Isopropyl  >lsobutyl>  propyl  >  methyl.  Fur¬ 
thermore  an  Intensification  occurs,  in  the  same 
order,  of  the  statistical  effect  of  conjugation  in 
the  acid  chlorides  in  question  (A); 


Cl 


(A) 


•  The  data  for  the  quantitative  yield  of  ketones  due  to  re¬ 
action  of  acetyl  chloride  with  the  aryl  magnesium  bromides  This  intensification  of  effect  overlaps  that 

are  taken  from  a  preceding  paper.  supplementary  hindrance  which  is  created  by  the 

increased  length  of  the  radical  chains  in  the  acid 

chlorides  and  wh-ch  iS  ir.e  cause  of  the  gradual  rise  in  ketone  yields  in  the  order  specified.  This  rise,  however,  can 
only  continue  to  a  certain  limit.  Further  Increase  in  length  and  branching  of  the  chain  of  the  radicals  will  be  accom 
pamed  by  intensificatron  of  the  steric  hindrance  which,  of  course,  results  in  a  fall  in  the  yields  of  reaction  products. 


Finally,  the  reaction  course  is  affected  by  the  nature  of  the  halogen  in  the  halide  radical.  Since  halogens 
bring  about  an  increase  in  the  statistical  effect  of  conjugation  in  the  order;  l>Br>  C1>F,  an  acid  bromide  will  react 
with  an  cnganomagnesium  compound  more  energetically  than  a  chloride. 
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Di-ortho-substituted  aryl  magnesium  halides  react  with  acid  bromides  again  with  formation  exclusively  of  ke¬ 
tones,  but  the  yield  of  the  latter  is  considerably  higher. 

It  is  more  difficult  to  stop  the  reaction  between  mono -ortho-substituted  aryl  magnesium  bromides  and  acid 
bromides  at  the  first  stage  than  it  is  with  acid  chlorides.  Whereas  with  the  latter  the  preparation  of  ketones  is 
entirely  feasible,  with  the  acid  bromides  the  formation  of  ketones  under  the  same  conditions  is  accompanied  by 
formation  of  tertiary  alcohol  (or,  more  correctly,  of  their  dehydration  products  in  the  shape  of  unasiturated  hydro¬ 
carbons).  Comparative  results  of  reactions  of  aryl  magnesium  bromides  with  acetyl  chloride,  and  acetyl  bromide 
are  set  out  in  Table  3. 

TABLE  3 


No. 

Reactants 

Ratio 

Ketone 

°!o  yield  of 
ketone 

<70  yield  of  un¬ 
sat.  hydrocarbons 

1 

Mesityl  magnesium  bromide  +  acetyl 
chloride 

1:1 

Methyl  mesityl  ketone 

10 

2 

Mesityl  magnesium  bromide  +  acetyl 
bromide 

1:1 

Methyl  mesityl  ketone  i 

26 

— 

3 

Mesityl  magnesium  bromide  +  acetyl  ! 
bromide  i 

2:1 

Methyl  mesityl  ketone  | 

i  51.5 

— 

4  i 

i 

o-Tolyl  magnesium  bromide  +  acetyl 
chloride 

1:1 

i 

Methyl-0- tolyl  ketone 

30 

14 

5  ! 

o-Tolyl  magnesium  bromide  +acetyl 
bromide 

1:1 

Methyl- o-tolyl  ketone 

1 

i  20 

19 

6 

!  a  -  Naphthyl  mrfSnesium  bromide  + 
j  acetyl  chloride 

1:1 

Methyl  a  -naphthyl  ketone 

1 

;  50 

2.5 

7 

a  -Naphthyl  magnesium  bromide  -f 
acetyl  bromide 

1:1 

Methyl  a  ^^aphthyl  ketone 

i  34 

10 

8 

Phenyl  magnesium  bromide  + 
acetyl  chloride 

1:1 

Methyl  phenyl  ketone 

1 

1 

19 

22 

9 

Phenyl  magnesium  bromide  + 

1  acetyl  bromide 

1:1 

Methyl  phenyl  ketone 

1 

i  17 

39 

Bromides  of  monocarboxylic  acids  can  therefore  be  utilized  for  preparation  of  ketones  with  maintenance  of 
the  specified  reaction  conditions  only  if  the  second  component  is  a  di-ortho-substituted  aryl  magnesium  halide. 

The  method  of  ketone  synthesis  here  developed,  based  on  reaction  of  acid  chlorides  with  organomagnesium 
compounds,  is  highly  suitable  for  the  preparation  of  those  carbonyl -containing  compounds  which  are  not  synthesized 
by  the  Gustavson  reaction  (reaction  of  hydrocarbons  with  acid  chlorides  in  presence  of  anhydrous  aluminium  chlor¬ 
ide)  due  to  the  ease  of  modification  of  one  of  the  reaction  components  under  the  influence  of  the  catalyst.  The  new 
synthesis  is  illustrated  by  the  reaction  between  camphane  carboxylic  acid  chloride  and  a  -naphthyl  magnesium  bromide. 
This  reaction  yielded  bornyl  a -naphthyl  ketone  in  an  amount  corresponding  to  6Bf^o  of  the  theoretical. 


EXPERIMENTAL 

The  following  are  the  general  conditions  under  which  the  reaction  between  organomagnesium  compounds  and 
acid  halides  is  performed. 

To  the  acid  halide,  dissolved  in  three  times  the  volume  of  ether  and  placed  in  an  ice  water-cooled  flask,  is 
added  an  ethereal  solution  of  the  organomagnesium  compound.  This  order  of  mixing  is  suitable  both  few  mono- 
substituted  aryl  magnesium  bromides  and  for  aryl  magnesium  bromides  not  substituted  in  the  ortho^)osition;  how¬ 
ever,  when  mixing  the  latter  class  with  the  ether  solution  of  acid  chloride  the  cooling  should  be  intensified  (using 
snow  +  salt).  In  the  case  of  di- ortho- substituted  aryl  magnesium  bromides,  the  reverse  (usual)  order  of  mixing  with 
the  acid  halides  is  permissible. 

After  mixing,  the  mixture  is  heated  for  6  hours.  Although  the  heating  period  may  be  cut  down  for  mono¬ 
ortho-substituted  and  unsubstituted  aryl  magnesium  bromides,  the  6- hour  period  was  maintained  in  all  the  experi¬ 
ments  in  order  to  obtain  comparable  results.  At  the  end  of  the  heating  period  addition  was  made  to  the  reaction 
mixture  of  an  approximately  equal  volume  of  water  and  heating  continued  for  one  hour  to  permit  saponification  dt 
'the  residual  acid  chloride.  Addition  was  then  made  of  a  little  dilute  acetic  acid  (sufficient  to  clarify  the  ether 
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solution),  the  aqueous  layer  is  separated,  and  the  rentainlng  ether  layer  washed  with  10^  soda  solution  and  then  with 
water  until  neutral.  The  ether  solution  is  dried  with  anhydrous  sodium  sulfate  and  the  ether  driven  off.  The  reac¬ 
tion  products  are  then  distilled  in  vacuum  and  analyzed.  Results  are  detailed  in  Tables  1,  2  and  3. 

Synthesis  was  also  effected  under  the  above  conditions  of  bornyi  a-^iaphthyl  ketone. 

Synthesis  of  bornyl  a  -naphthyl  ketone.  The  reactants  were  27  g  (0.125  mole)  naphthyl  bromide,  4  g  magnesium 
and  24  g  (0.125  mole)  camphane  carboxylic  acid  chloride.  The  main  fraction  (210-220*  at  7  nun)  amounted  l£r28.0  g. 
The  residue  in  the  flask  weighed  1  g.  A  second  distillation  of  the  main  fraction  garve  24.0  g  boiling  at  218-219* 

(7  mm)  or  66  °Jo  of  theory.  The  substance  rapidly  crystallized  and  after  3  recrystallizations  from  petroleum  ether 
had  the  constant  m.  pt.  of  109-110*  (bornyl  a -naphthyl  ketone).  This  ketone  has  not  been  described  in  the  litera¬ 
ture. 

0.1564  g  substance;  0.4939  g  CO,;  0.1250  g  H,0.  Found ‘Jt;  C  86.17;  H  8.30.  C,jHuO.  Calculated*^; 

C  86.26;  H  8.26. 

To  one  part  of  the  ketone  dissolved  in  glacial  acetic  acid  was  added  a  slight  excess  of  phenylhydrazine. 

After  standing  for  10  hours  the  crystalline  phenylhydrazone  of  bornyl  a  -napnthyl  ketone  had  separated.  M.  pt. 

128*  from  toluene). 

0.1244  g  substance;  7.8  ml  1^  (20*,  760  nun).  Found  N  7.33.  C,yH,pN,.  Calculated^.-  N  7.31. 

Another  portion  of  the  ketone  was  reduced  (Clemenson  reaction)  to  a  hydrocarbon  —  bornyl  a -naphthyl  methane. 
B.  pt.  239*  (14  mm),  m.  pt.  104*  (from  petroleum  ether). 

0.1952  g  substance;  0.6474  g  CO^;  0.1652  g  H,0.  Found  ‘Jk;  C  90.51;  H  9.47.  C^H,,.  Calculated 
C  90.59;  H  9.41. 


S  UMMARY 

1.  By  meaiu  of  a  much  larger  amount  of  experimental  material,  confirmation  was  obtained  of  previous 
conclusions  regarding  the  possibility  of  preparing  ketones  as  the  sole  products  of  reaction  of  ortho-substituted 
aryl  magnesium  halides  with  monocarboxylic  acid  halides. 

2.  It  was  establi^d  that  the  quantitative  yield  of  ketones  is  markedly  affected  by  the  character  of  the 
radical  and  by  the  character  of  the  halogen  entering  into  the  composition  of  the  acid  chloride. 

3.  It  was  also  shown  that  the  method  of  synthesis  which  was  developed  is  very  suitable  for  the  preparation 
of  those  carbonyl-containing  compounds  which  cannot  be  synthesized  by  the  Gustavson  reduction  due  to  the  ease 
of  modification  of  one  of  the  reactants  in  presence'  of  the  catalyst. 

4.  Three  compounds  not  known  in  the  literature  are  described;  Bornyl  a  naphthyl  methane,  bornyl  a  naphthyl 
ketone  and  its  phenylhydrazone. 
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ADDITION  OF  DIALKYL  PHOSPHOROUS  ACIDS  TO  UNSATURATED  COMPOUNDS 
VII.  ADDITION  OF  DIALKYL  PHOSPHOROUS  ACIDS  TO  fl  .6 -UNSATURATED  KETONES  OF  THE  ALIPHATIC  SERIES 


A.  N.  Pudovik 


In  a  series  of  previous  papers  we  have  shown  that  in  presence  of  alk-aii  Hietal  aicoboiates  the  diaikyi  phosphor  - 
ous  acids  add  on  excemeiy  enetgeticaily  and  rapidly  to  a, 6 -unsaturated  ketones  with  formation  of  esters  of  SHketo  - 
phosphonic  acids.  Yields  of  60-75  °]o  were  obtained  of  the  products  of  addition  of  diaikyi  phosphorous  acids  to  6,0- 
dimethyldivinyl  ketone,  ethylideneacetone,  benzylidene  acetone  and  furfuryxidene  acetone  [1].  Using  6, 6 -dime thy  1- 
divinyl  ketone  as  an  example,  it  was  shown  that  when  us  ing  equimolar  amounts  of  acid  and  ketone  the  addition  takes 
place  only  at  the  unsubstituted  vinyl  group,  and,  in  accordance  witib.  the  general  principles  of  electronic  theory,  it 
proceeds  in  such  a  manner  that  the  negatively  polarized  phosphonlum  group  adds  on  to  the  positively  polarized  6- 
carbon  atom  of  the  vinyl  group; 

O 

t  ~  II  RONa  y/ 

(R0)2P\  +  CHy,^H-C-R’  - >  (RD)sP-Cli^-CHj-CO -RU 

H+ 

A  similar  order  of  addition,  as  we  previously  demonstrated,  is  observed  also  in  ail  other  cases  of  addition 
of  dialkyl  phosphorous  acids  to  a,0'unsaturated  electrophilic  reagents?  Unsaturated  nitriles  [2],  aldehydes  and 
esters  of  carboxylic  acids- [3]. 

In  a  study  of  the  addition  of  dialkyl  phosphorous  acids  to  6  “substituted  vinyl  ketones  it  was  also  noted  that  the 
presence  of  substituted  groups,  especially  phenyl,  reduce  in  large  m.easure  the  velocity  of  the  addition  reaction  In 
comparison  with  the  unsubstituted  vinyl  group  of  dimethyldiviqyi  ketone.  Tnis  observation  may  be  explained  by  the 
reduction  of  the  electrophilic  character  of  0 -carbon  atom  by  the  presence  of  substituents  which  possibly  create 
certain  steric  hindrances  in  addition. 

In  continuing  and  developing  the  investigation  started  by  us,  it  appeared  of  interest  to  study  the  addition  of 
diaikyi  phosphorous  acids  to  monovinyl  ketones  with  a  still  larger  number  of  substituents  on  tne  vinyl  g..oup  and  to 
elucidate  the  Influence  cf  their  nature,  distribution  and  number  on  the  speed  and  order  of  the  addition.  From  this 
aspect  we  instituted  experiments  on  the  addition  of  dialkyl  phosiphorous  acids  to  mesityl  oxide,  0,0  <iimethyl- 
vinyl-6 '-me  thoxyethyl  ketone,  a ,  6  dimethylvinyl  methyl  ketone  ,  and  a  “methyl  vinyl- y  -methoxypiopyl  ketone. 

In  the  first  instance  we  performed  experiments  with  mesityl  oxide  and  0, 6 -dimethyl vinyl-0 ’  -methoxyetliyl 
ketone,  each  with  two  methyl  gioups  at  the  6-carbon  atom.  In  order  to  avoid  radical  exchange  between  the  mole¬ 
cules  of  dialkyl  phosphorous  acids  and  the  alcoholates  used  as  catalysts,  and  in  order  also  to  ensure  maximum  purity 
of  the  resultant  addition  products,  the  alcoholates  were  prepared  from  alcohols  with  the  same  radicals  as  entered 
into  the  composition  of  the  dialkyl  phosphorous  acids.. 

It  may  be  suggested  that  the  presence  of  two  methyl  groups  on  me  6 -carbon  atom  of  the  vinyl  group  may  so 
reduce  Its  electrophilic  character  and  modify  its. spatial  characteristics  that  more  favorable  conditions  will  be  created 
for  addition  of  dialkyl  phosphorous  acids  not  at  the  double  bond  but  at  the  carbonyl  group.  In  fact,  it  was  observed 
that  addition  in  the  case  of  both  of  the  ketones  proceeds  much  less  energetically  in  comparison  with  ketones  con¬ 
taining  an  unsubstituted  vmyl  group  or  one  substituent  at  the  0 -carbon  atom,  and  requires  for  its  completion  rather 
large  amounts  of  a  saturated  alcoholic  solution  of  the  alcoholate  (up  to  several  milliliters).  With  mesityl  oxide  the 
yields  of  addition  products  were  of  the  order  of  68-78<5i;  with  6-,0 -dimethyl -0'“methoxyethyl  ketone  they  were  very 
low;  the  main  bulk  of  reaction  mixture  was  converted  during  distillation  into  a  nearly  solid  vitreous  mass;  in  the 
pure  form  the  only  addition  product  isolated  was  diethyl  phosphorous  acid.  For  the  purpose  of  determining  the  struc¬ 
ture  of  the  prepared  addition  products  we  first  chose  Tserevitinov's  method  as  being  simpler  and  more  convenient 
(determination  of  the  presence  of  hydroxyl  groups).  It  was  found  that  at  room,  temperature  the  addition  products 
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react  with  methyl  magnesium  iodide  only  very  slowly  and  incompletely;  on  heating,  the  reaction  proceeds  rapidly 
and  the  hydroxyl  group  can  be  determined  with  little  error.  On  this  basis  we  arrived  at  the  preliminary  conclusion 
that  the  prepared  addition  products  can  be  regarded  as  unsaturated  hydroxyphosphonic  esters  [4].  A  more  detailed 
study  of  the  properties  of  the  products,  however,  did  not  confirm  this  assumption.  It  was  found  that  these  products  do 
not  add  on  bromine  and  were  not  oxidized  by  potassium  permanganate;  on  acting  with  phenylhydrazine  upon  the 
products  of  addition  of  diethyl  phosphorous  acid  to  mesityl  oxide,  a  phenylhydrazone  was  obtained  in  69^  yield. 
These  results  led  us  to  the  conclusion  that  the  addition  products  are  not  unsaturated  a -hydroxyphosphonic  esters  but 
esters  of  6 -ketof^osphonic  acids.  The  reaction  proceeds  according  to  the  scheme; 


(RO),POH  +  RONa 


O 


(RO)*Px^ 


+  RDH. 


Na 


C=  CH  -C  -  R*  +  (RO),P  \ 
CH  /  \ 


CH, 


CH 


C-CHNa-COR’ 


K 


(OR), 


ONa 


ROH 

)C-CH=C-R*  -  ”  >• 

/if 

\oR)t 


CH 


CH,-COR' 

\o«k 


where  R*  =  CH,  or  CHgCH,OCH, 


The  constants,  yields,  and  analytical  data  are  set  forth  in  Table  1.  * 

The  results  of  quantitative  determinations  of  hydroxyl  groups**  in  the  ixepared  esters  of  B-ketophosphonic 
acids  by  the  Tserevltinov  method  are  undoubtedly  due  to  enolization  of  the  carbonyl  groups  which  proceeds  slowly 
at  room  temperature  but  rapidly  on  heating. 


We  also  obtained  analogous  results  when  investigating  the  addition  of  dialkyll^osphorous  acids  to  a,B  - 
dimethyl  vinyl  ketone.  The  addition  products  likewise  do  not  add  on  bromine  and  are  not  oxidized  by  permanganate. 
The  phenylhydrazone  prepared  from  the  ketone -diethyl  phosphorous  acid  addition  inroduct  was  a  very  viscous  oil 
which  decomposed  with  evolution  of  a  large  amount  of  very  volatile  substances  when  an  attempt  was  made  to  distill 
it  in  a  vacuum  (1  mm).  The  constants  and  yields  of  the  ixrepared  3-methyl-4-dialkylphosphopentanones-2  are  pre¬ 
sented  in  Table  2. 


Slightly  different  results  were  obtained  in  the  addition  reaction  of  dialkyl  phosphorous  acids  anda-methyl- 
vlnyl-y-methoxypropyl  ketone  synthesized  by  the  method  of  Nazarov  and  Zaretskaya  [5].  Addition  to  this  ketone  of 
dimethyl  phoq>h<»ous  acid  and  diethyl  phosphorous  acid  resulted  in  each  case  in  the  fornutlon  of  two  products:  a 
low-boiling  product  of  addition  of  one  molecule  of  dialkyl  phosphorous  acid,  and  a  high-boiling  product  of  addition 
of  two  molecules  of  dialkyl  phosphorous  acid.  In  the  second  case  the  addition  clearly  proceeds  both  at  the  double 
bond  and  at  the  carbonyl  group;  part  of  the  unreacted  unsaturated  ketone  Is  recovered  unchanged  on  distillation: 

CH,  O  CH, 

CH,=  <i:-CO-Cl%Cl^CH,OCH,  +  (RO),POH  (RO),P-CKg-CH-COCH,CH,CH,OCH,  + 

O  CH,  OH 

//  I  i 

(RO),P-CH,-CH-C-CH,CH,CH,OCH, 

'f 

^(OR), 

Accurate  determination  of  the  hydroxyl  groups  in  the  prepared  esters  of  hydroxydiphosirfiinic  acids  proved  im¬ 
possible  due  to  their  poor  solubility  in  the  dibutyl  and  dilsoamyl  ethers  used  as  solvents. 

*  All  the  experiments  were  performed  with  heating  of  the  reaction  mixture  at  90-95®  for  30“  60  minutes  with  occasio¬ 
nal  stirring. 

** Hydroxyl  group  determinations  were  made  at  90-95®. 


1416 


TABLE  1 


'  Phosphorus  'Hydrojcyf^oup'  ,  , . 
_ _ Tfi-eld 


No. 

Formula 

Boiling  point 

4! 

d*« 

“4 

content  content  (^) 

Found  Calcd.  Found  Calcd. 

yield 

ilo) 

1 

/ 

(CH,0),P  -C(CH,),  -CH,COCH, 

136*  (12  mm) 

1.4457 

1.1163 

;  i 

14.9  15.3  ■- 

i 

70.3 

2 

0 

// 

(C,H50),P  -C(CH8),CHjCOCH3 

o 

138  (11  mm) 

1.4400 

1.0675 

\ 

13.4  13.1  7.7  7.2 

78.6 

3 

// 

(1so-C4H,0),P  -C(CH,),CH,COCH, 

162-163  (12  mm) 

1.4409 

1.0029 

10.8  10.6  6.2  5.8 

68.7 

4 

(n“C4H,0),P  -C(CHjj),CH,COCH, 

171-172  (13  mm) 

1.4440 

1.0084 

1 

10.5  10.6  ^  - 

77.2 

5 

0 

(C,H50)jP~C(CH|)|CH8-C0-CH,CHj,0CH, 

164-168  (10  mm) 

1.4500 

1.1129 

1 

13.5  13.1  16.7  j  6.1 

^12 

TABLE  2 

No. 

Formula 

Boiling  point 

-i? 

“4 

Hydroxyl 

content  “ 

Found  jCalcd. 

1 

/ 

(CH,0),P-CH(CH8)-CH(CH,)-C0-CH, 

136-137*  (11  mm) 

1.4475 

1.1159 

1 

1  1 

i  i 

8.1  8.1  1  50.4 

o 

/ 

(C,H50),P-CH(CHj)-CH(CH,)-C0-CH, 

158*  (20  mm) 

1.4390 

1.0442 

1  1 

7.7  !  7.2  66.3 

1  < 

As  we  pointed  out  in  a  previous  paper  [2]  the  addition  of  a  second  molecule  of  dialkyl  phosphorous  acids  to  the 
carbonyl  groups  proceeds  also  with  all  the  other  ketophosphonic  acids  which  we  had  previously  prepared,  but  only 
after  completion  of  the  addition  of  the  first  molecule  of  dialkyl  phosprfiorous  acid  at  the  double  bond  of  the  unsat¬ 
urated  ketone. 

Saponification  of  the  esters  of  B-ketophosphonic  acids  in  the  presence  of  dilute  hydrochloric  acid  yielded 
the  6 “ketophosphonic  acids  themselves  in  the  fern  of  viscous,  straw-colored  liquids.  Also  prepared  and  analyzed 
was  the  acid  barium  salt  of  4- methyl-4 “phosphopentanone-2,  a  white  powder. 

EXPERIMENTAL 

Addition  of  dialkyl  phosjAorous  acids  to  mesityl  oxide  and  B . 6 -dimethyl-B  *-methoxy-ethyl  ketone.  The 
addition  was  performed  by  the  following  general  method:  to  a  mixture  of  equimolar  amounts  of  ketone  and  dialkyl 
phosphorous  acid  was  added  dropwise  an  alcoholic  solution  of  sodium  alcoholate.  The  alcoholic  solution  of  sodium 
alcoholate  was  prepared  with  an  alcohol  containing  the  same  radical  as  that  entering  into  the  composition  of  the 
dialkyl  phosphorous  acid.  Increasing  molecular  weight  of  the  dialkyl  phosphorous  acids  was  accompanied  by  '  '' 
a  marked  fall  in  the  velocity  of  the  addition  reaction.  After  addition  of  the  amount  of  alcoholate  required  for  com¬ 
pletion  of  the  addition  reaction,  the  reaction  mixture  was  allowed  to  stand  for  20-30  minutes  and,  after  cooling,  it 
was  then  distilled  in  vacuum  from  a  small  Arbuzov  flask.  The  constants,  yields,  and  analyses  of  the  obtained  pod- 
ucts  are  set  fipth  in  Table  1. 

Investigation  of  the  properties  of  4  -  methyl-4  "diethylphosphotentanone-2 .  1.  Action  of  bromine.  The 
determination  was  performed  by  the  Mcllhiney  method  in  chloroform  solution.  Estimation  was  made  of  the  bromine 
consumed  on  addition  and  substitution.  The  series  of  experiments  led  to  the  conclusion  that  substantially  no  addi¬ 
tion  occurs,  when  the  sample  is  dissolved  in  bromine-in-chloroform,  during  the  first  10-50  minutes  and  that  substi¬ 
tution  takes  place  but  only  to  an  insignificant  degree.  Beginning,  however,  at  a  certain  instant,  calculated  at  l|-2 
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hours  from  the  start  of  the  experiment,  the  bromine  solution  is  almost  instantaneously  decolc^ized,  signalizii^  a 
rapid  substitution  reaction.  Supplementary  amounts  of  bromine  added  to  the  reaction  mixture  after  this  moment 
were  also  very  rapidly  consumed  by  substitution. 

2.  Oxidation  by  pota^im  permanganate.  4.8  g  of  product  was  dissolved  in  200  ml  of  water,  followed  by 
about  1  g  of  potassium  permangwate  (one*seventh  of  the  theoretically  required  quantity).  Even  after  standing  for 
5  days  at  room  temperature,  there  was  no  decolorizatlon  or  formation  of  manganese  dioxide  precipitate. 

^.  Preparation  of  the  phenylhydrazone.  Into  a  porcelain  beaker  were  weighed  5  g  ketone  and  3  g  phenyl- 
hydrazine,  after  which  10  ml  absolute  ethyl  alcohol  was  run  in.  The  solution  was  kept  in  a  desiccator  for  3  days  at 
room  temperature  and  then  heated  on  the  boiling  water  bath  for  4  hours.  No  crystallization  was  observed  even  after 
cooling  followed  by  prolonged  sunding  at  0*.  Vacuum  distillation  of  the  reaction  mixture  yielded  4.7  g  of  the 
phenylhydrazone  of  4 -methyl-4 ‘>diethylphosphopentanone-2  with  b.p.  202-203*  (4  mm)  in  the  form  of  a  very  vis¬ 
cous,  oily  liquid  with  a  light-brown  color, 

0.1624  g  substancei  32.3  ml  NaO!H(  (T  0.017641),  Pound  P  9.6,  CuH|^,iO|PN|,  Calculated^;  P  9.6. 

4^  Saponification  with  hydrochioffr.  acid  3.6  g  poduct  with  60  mi  dilute  hydrochiPic  acid  (lil)  were 
heated  in  a  sealed  tii^e  at  130-146*  for  9  hours.  A  total  of  1  6  g  ethyl  chloride  was  formed  (the  theoretical  retire¬ 
ment  U  IJ  g),  Pollowmg  evaporation  of  the  reaction  myttute  for  manv  hours  with  periodic  addition  of  diitHled 
wattt,  dio  whole  of  the  hydrochloric  acid  was  driven  off,  Svaporation  of  the  aqueous  soidtion  yielded  the  keto- 
phoiphonie  acid  in  the  form  of  a  straw •«oiored  viscous  liquid.  Sven  after  po^onged  standing  the  acid  did  not 
crystallize.  The  barium  salt  (a  white  powder)  was  prepared  from  it. 

0.9344  g  substance;  0.4606  g  SaSQ^.  Pound^;  3a  28.3,  Calculated^;  6A  27.7. 

Addition  of  dimethyl  phosphorous  acid  to  a,6-dimothylvinyimethy}  ketone.  To  a  mixture  of  9.8  g  ketone 
and  11  g  dimethyl  phosphccous  acid  was  added  dropwise  a  saturated  solution  of  sodium  methylate  in  methyl  alcohol. 
The  reaction  only  started  after  10-16  drops  of  methylate  had  been  added,  and  proceeded  with  considerable  heat  evo¬ 
lution  with  continued  addition.  Distillation  of  the  reaction  mixture  gave  14.1  g  of  3  methyl-4-dimethylphospho- 
pentanme-2! 

B.p.  136-13r  (11  nun)t  n^  1.4476t  d}”  1.1169. 

0.1666  g,  0.1364  g  substance:  60.7  ml, 41. 4  ml  NaOH  (T  0.017841). 

Pound Tkt  P  14.9,  16.0.  C|Htr04P.  Calculated^;  P  14.9. 

Examination  of  the  product  showed  that  it  did  not  add  on  bromine  (only  substitution  occurred)  and  was  not 
oxidized  by  permanganate.  With  phenylhydiazlne  it  gave  a  phenylhydrazone  in  the  form  of  a  very  viscous,  brown 
oil.  An  attempt  to  fractionate  the  phenylhydrazone  In  vacuum  (1  mm)  was  accompanied  by  violent  decomposition 
with  evolution  of  a  large  quantity  of  white  fhmes  and  of  low  tolling  products  which  condensed  in  the  condenser. 
Saponification  of  the  phosphonlc  ester  gave  the  ketophoaphonic  acid  in  the  form  of  a  thick,  straw-colored  liquid. 

^dltton  of  diethyl  phosphorous  acid  to  a,S-dimethylvlnyl  nnethyl  ketone.  To  a  mixture  of  4  g  ketone  and 
6.6  g  diethylphosphocous  acid  was  added  dropwise  a  saturated  solution  of  sodium  ethylate  in  ethyl  alcohol.  After 
termiiutlon  of  the  reaction  and  cooling,  the  mixture  was  fractionated  from  a  small  Arbuzov  flask,  giving  6.3  g  of 
3-methyl-4-dlethylphosphopentanone-2 . 

B.p.  168*  (20  mm){  1.4390;  dj*  1.0442. 

0.1626  g  substance:  41.7  ml  NaOH  (T  0.017841).  Found  <?5»;  P  12.7.  CjiHgjO^P.  Ca.lculatcd7i):  P  13.1. 

Addition  of  diiBetayl  phospnorous  acid  to  g-metlivlylnvl  -y-meihoxypropYl  ketone.  11  g  of  a-methylvinyl- 
y-methoxyp?opyi  .ketone  (b.p.  60'  62“  (10  mm);  1.4430)  was  reacted  with  14.2  g  dimethyl  phosphorous  acid, 
using  sodium  methyiate  soiuiion  as  cataivst.  Addition  of  the  methylate  to  the  reaction  mixture  led  to  considerable 
heating.  After  the  eaction  been  cooled  and  allowed  to  stand  at  room  temperature  for  an  hour,  it  was  distilled 
In  vacuuT:  to  q:ye  two  substances;  a)  l“Dimethylphosphone“2 -methyl- 6 -methoxyhexanone-S  (2.1  g): 

B.p.  161-164'^  (11  mm)  1.4656;  (^®  1.1098. 

0.14  70  a,  0.2018  g  substance:  38.0  ml,  52.1  ml  NaOH  (T  0.01768). 

Found  P  12.6,  12.6.  CjjHjjOgP.  Caiculated ‘Jb:  P  12.3. 

b)  l,3-Di'(dimethyipnosi^one)-“2“methyi“6“raethoxyhexanol-3  (5.1  g): 
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B.p.  236-238*  (16  mm);  1.4840;  (^|®  1.2055. 

0.1298  g,  0.1178  g  substance:  45.4  ml;  41.1  ml  NaOH  (T  0.01768).  Found  ojot  P  17.1,  17.1.  Cari^iPsPg. 
Calculated  P  17.1. 

Addition  of  diethyl  phosj^oious  acid  to  a-methylvinyl-y-methoxypropyl  ketone.  To  a  mixtuie  of  12  g 
of  the  ketone  and  11.6  g  of  the  acid  was  added,  dropwise,  a  saturated  solution  of  sodium  ethylate  in  ethyl  alcohol. 
The  following  substances  were  isolated  after  the  reaction  and  distillation: 

a)  1-Diethylphosphone  2-methyl“6HTiethoxyhexanone“3  (4.  7  g): 

B.p.  167-168"  (12  mm);  ng  1.4620;  d|®  1.0590. 

Found  <7o:  P  10.98,  10.96.  CjjiHggOgP.  Calculated  P  11.06. 

b)  1.3'Di-^diethylphosphone)"2-methyl--6'methoxyhexanoi‘3  (5.3  g): 

B.p.  226  22r  (12  mm.);  rg  1.4769;  df  1.1214. 

0.1638  g  substance:  50.2  ml  NaOH  (T  0.01768).  Found  P  15.0  CjtjH3(P8Pg.  Calculated  P  14.8, 

SUMMARY 

1.  A  study  was  made  of  the  addition  of  dialkyl  phosi^orous  acids  to  mesityl  oxide,  B,B -dimethylvinyl- 
6 ‘-methoxyethyl  ketone,  a,0-dlmethylvinyl  methyl  ketone  and  a-methylvinyl  y -methoxyptopyl  ketone.  In  all 
cases  addition  takes  place  at  the  double  bond  with  formation  of  the  corresponding  esters  of  ketophosphonic  acids. 
In  the  case  of  a  Huethylyinyl-y'fnethoxypropyl  ketone,  products  of  addition  of  two  molecules  of  the  dialkyl  phos¬ 
phorous  acids  are  also  obtained;  addition  proceeds  both  at  the  double  bond  and  at  the  carbonyl  group. 

2.  The  presence  of  two  methyl  groups  at  the  a  -  and  6 -carbon  atoms,  and  particularly  at  the  B -carbon 
atom,  of  the  vinyl  group  of  the  unsaturated  ketones  sharply  reduces  the  speed  of  addition  of  dialkyl  phosphorous 
acids  to  them. 
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ALLYL  REARRANGEMENTS 


XVI.  FORMATION  OF  ACETATES  AND  ALCOHOLS  FROM  BUTOXYCHLOROPENTENES 

A.  N.  Pudovik  and  V.  I.  Nikitina 


In  a  series  of  previous  papers  we  have  described  the  saponification  reactions  of  isomeric  methoxychloro- 
pentenes  [1]  and  dichlorobutenes  [2]  and  the  preparation  from  them  of  acetates  by  the  action  of  sodium  acetate. 

It  was  shown  that  two  mechanisms  are  involved?  Bimolecular  nucleophilic  substitution  leading  to  products  without 
rearrangement;  and  a  monomolecular  mechanism  yielding  carbonium  ions  and  leading  to  identical  mixtures  of 
products  of  both  of  the  isomeric  chlorides.  Primary  haloallyl  isomers  react  predominantly  according  to  the  bi¬ 
molecular  mechanism  in  the  reactions  of  saponification  and  of  ester  formation,  while  secondary  compounds  react 
according  to  the  monomolecular  mechanism. 

The  purpose  of  the  present  investigation  was  the  further  study  of  the  saponification  reactions  and  of  the 
formation  of  acetates  from  haloallyl  compounds  with  reference  to  the  reactions  of  the  primary  and  secondary 
butoxychloropentenes,  and  the  elucidation  of  the  effect  of  the  C4H9OCH1CH2  radical  in  them  upon  the  ratio  of 
the  substitution  reactions.  On  acting  with  potassium  acetate  upon  l-butoxy'b“chloro~3-pentene  in  acetic  acid 
solution,  we  obtained  a  mixture  of  acetates  consisting  of  93<55>  of  l-butoxy-3-i)enten  ‘5  -yl  acetate  and  of  1- 
butoxy-4-^enten-3-yl  acetate.  The  total  yield  of  acetates  was  An  experiment  under  analogous  conditions 
with  l-butoxy-3-chloropentene-4  gave  a  mixture  of  59“/o  of  l-butoxy-3-penten-6-yl  acetate  and  41<7o  of  1-butoxy- 

4- penten-3-yl  acetate.  The  acetates  are  stable  and  show  little  tendency  to  change  either  under  thermal  iso¬ 
merization  conditions  (100”)  or  on  heating  in  acetic  acid  solution,  i.e.  under  conditions  similar  to  those  used 
in  their  preparation. 

When  our  paper  was  completed  a  paper  appeared  by  Emerson,  Dubel  and  Longley  [3]  which  describes 
the  preparation  of  a  series  of  alkoxychloropentenes,  a  large  number  of  which  had  previously  been  prepared  knd 
described  by  us  [4],  likewise  the  reactions  of  some  of  them.  They  gave  details,  in  particular,  of  the  reaction 
of  l-butoxy-5-chloro-3'i)entene  with  sodium  acetate  in  acetic  acid  solution,  but  they  only  succeeded  in  isolating 
one  product—  l-butoxy-3-penten-5-yl  acetate  in  TVJo  yield,  whose  constants  were  identical  with  those  of  our  own 
preparation.  In  general  they  did  not  study  the  reaction  with  the  secondary  chloride. 

The  saponification  of  both  of  the  isomeric  acetates  of  butoxypentenols,  under  our  conditions,  proceeds 
without  isomerization,  thus  providing  an  additional  proof  of  the  fact  that  saponification  of  esters  of  alcohols 
of  the  allyl  type  proceeds  without  rupture  of  the  alcoholic  carbon-oxygen  bond,  and  consequently,  without 
formation  of  the  carbonium  ion.  We  effected  the  saponification  of  the  isomeric  butoxychloropentenes  with 
aqueous  sodium  carbonate.  Saponification  of  H3utoxy-6-chloro-3-i)entene  gave  a  mixture  of  alcohols  con¬ 
sisting  of  79<7o  l-butoxy-3-penten-6-ol  and  20.3<7o  l-butoxy-4-^nten-3-ol,  while  the  mixture  obtained  from 
l-butoxy-3-chloro-4i?entene  comprised  56.6<7o  l-butoxy-3-penten-5-ol  and  43^  l-butoxy-4-penten-3-ol.  The 
results  in  the  present  investigation  are  very  similar  to  those  in  the  preceding  papers  [1,2].  In  analogy  with 
the  earlier  investigations,  we  may  conclude  that  saponification  of  secondary  butoxychloropentene  and  its 
reaction  with  alkali  metal  acetates  proceed  mainly  according  to  a  monomolecular  mechanism,  while  the 
primary  compound  reacts  according  to  a  mixed  mono-  and  bimolecular  mechanism.  On  the  basis  of  the  present 
results  we  may  also  conclude  that  substitution  of  the  radical  CHsOCHcCHc  for  C4H90CHtCH{  in  the  haloallyl 
system  has  very  little  influence  upon  the  relative  extents  of  the  substitution  reactions  of  the  halide  with  the 
hydroxyl  and  acetate  groups,  which  proceed  according  to  the  bimolecular  and  monomolecular  mechanisms. 

EXPERIMENTAL 

Actlp.n.pf  potassium  acetate  on  l-butpxyr5.-chlpro;3-pentene  in  acetic  acid_splution..  39,5  g  1-butoxy- 

5- chloto-3^entene,  23  g  glacial  acetic  acid  and  30  g  calcined  potassium  acetate  were  heated  for  27  hours  at 
a  badi  temperature  of  140-150”.  After  cooling,  the  reaction  mixture  was  treated  with  water  and  then  with 
soda  solution  prior  to  extraction  with  ether.  The  ether  extract  was  dried  with  calcium  chloride,  the  ether 
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driven  off,  and  the  residue  distilled  in  vacuum,  using  a  spiral  column.  2.5  g  H5utoxyl-4“penten-3-yl  acetate 
was  obtained. 

B.p.  99-100*  at  9  mm;  n*J  1.4298;  d|®  0.9240;  MRd  55.89;  calculated  55.71. 

0.1204  g  substance;  0.2908  g  CO2;  0.1048  g  HjO.  Found C  65.91;  H  10.2.  CyH2o05.  Calculated  *70: 
C  66.00;  H  10.00, 


There  was  also  obtained  34  g  l-butoxy-3  -penten-6  *yl  acetate: 

B.p.  116-lir  at  9  mm;  i^®  1.4390;  d|®  0.9399;  MRq  55.97;  calculated  55.71. 

0.0975  g  substance:  0.2353  g  CO*;  0.0856  g  HjO.  Found  C  65.86;  H  9.82.  CuHjoOs.  Calculated  <^o: 

C  66.00;  H  10.00. 

Addition  of  bromine  to  l-butoxy-G-penten-^^l  acetate  gave  the  dibromide: 

B.p.  173-175*  at  17  mm;  nfj®  1.4840;  dS®  1.4267;  MR^  72.10;  calculated  71.75. 

0.1298  g  substance:  0.1345  g  AgBr.  Found  Br  44.06.  Calculated  ‘7o.*  Br  44.38. 

chloro-4-pentene,  23  g  glacial  acetic  acid  and  30  g  powdered  anhydrous  potassium  acetate  were  heated  at  a 
bath  temperature  of  130-140*  for  46  hours.  Treatment  of  the  reaction  mixture  was  as  above.  Distillation  of  the 
products  yielded  10.4  g  l-l)utoxy  4“i)enten-4-yl-acetate: 

B.p.  98.5-99*  at  8.5  mm;  nfj®  1.4300;  d|®  0.9240, 

and  14. 9  g  1 -butoxy-S-penten-fi-yl  acetate: 

B.p.  115-116*  at  mm;  1.4390;  d|®  0.9399. 

The  dibromide  was  obtained  by  reacting  bromine  with  l“-butoxy-4“penten-3-yl  acetate; 

B.p.  162-164*  at  12  mm;  n|j®  1.4810;  4®  1.4230;  MR^  71.92;  calculated  71.75. 

0.1134  g  substance:  0.1181  g  AgBr.  Found  *51);  Br  44.28.  C^HjoG^rj.  Calculated '5'o;  Br  44.38. 

Experiments  on  determination  of  the  stability  of  the  isomeric  pentenvl  acetates. 

Experiment  1.  Glass  am.poules  conuining  respectively  1  g  l-butoxy-4-penten“3-yl  acetate  (njj  1.4300) 
and  1  g  l-butoxy3“penten-6-yl  acetate  (n^  1.4390)  were  heated  for  33  hours  at  100*.  No  change  in  the  refractive 
indices  of  the  acetates  was  observed. 


Experiment  2.  Mixtures  comprising  6  g  acetic  acid  and  10  g,  respectively,  of  l"butoxy-4-penten-3'>yl 
acetate  and  l-butoxy-3-s)enten-5-yl  acetate  were  heated  for  33  hours  at  the  temperature  of  the  boiling  water 
bath.  Both  isomers  remained  unchanged  after  the  heating. 

Saponification  of  l-butoxv-3-penten-5-vl  acetate.  6  g  KOH  was  dissolved  in  54  ml  96<5l)  alcohol,  and 
to  the  solution  was  added  19.5  g  l-butoxy-3'^enten-5-yl  acetate.  The  mixture  was  heated  on  the  water  bath 
under  a  reflux  condenser  with  mechanical  stirring  for  6  hours.  After  the  alcohol  had  been  driven  off,  the  residue 
was  treated  with  soda  and  extracted  with  ether.  Fractionation  of  the  residue  after  removal  of  the  ether  gave 
10.6  g  l-butoxy-3“penten“5-ol: 

B.p.  113-114*  at  9  mm;  4)®  1.4508;  d|®  0.9115;  MRp  46.65;  calculated  46.46. 

0.1148  g  substance;  0.2873  g  CO|;  0.0929  g  H^O.  Found  <7o:  C  68.30;  H  11.40:  CgHuOi.  Calculated 
C  68.35;  H  11.39. 

Treatment  of  this  alcohol  with  bromine  gave  the  dibromide; 

B.p.  157-158*  at  7  mm;  tig  1.5071;  dj®  1.5161;  MRp  62.35;  calculated  62.38. 

0.1254  g  substance;  0.1480  g  AgBr.  Found  <^;  Br  50.18.  CyH^^Brs.  Calculated  <^0;  Br  50.25. 

Saponification  of  1-butoxy  4^>enten"3-yl  acetat^.  3.6  g  KOH  was  dissolved  in  33  ml  96<^  alcohol,  and  to 
the  solution  was  added  12  g  l-butoxy-4-penten“3-yl  acetate.  The  mixture  was  heated  on  the  water  bath  for  8  hours. 
The  reaction  mixture  was  worked  up  and  distilled  to  give  7.2  g  l-butoxy-4-i)enten-3-ol; 
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B.p.  91-92*  at  9  mm;  n*®  1.4404;  4®  0.8995;  MRp  46.34;  calculated  46.46. 

0. Ill 3 g  substance:  0.2781  g  COj;  0.1116  g  HjO.  Found C  68.19;  H  11.22.  CjHijOj.  Calculated  «fo: 

C  68.35;  H  11.39. 

Treatment  with  bromine  gave  the  dibromide: 

B.p.  154-155*  at  6  mm;  i^®  1.5030;  d|®  1.5124;  MRd  62.08;  calculated  62.38. 

0.1163  g  substance;  0.1368  g  AgBr.  Found  °}o:  Br  50.01.  CgHuOjBtj.  Calculated  Br  50.26. 

SUMMARY 

1.  A  study  was  made  of  the  reaction  of  the  isomeric  butoxychloropentenes  with  potassium  acetate  and 
of  their  saponification  with  aqueous  sodium  carbonate  solution. 

2.  It  was  shown  that  the  hydrolysis  and  formation  of  acetates  from  primary  butoxychloropentene  take 
place  according  to  a  mixed  mono-  and  bimolecular  mechanism  with  the  latter  predominating.  Similar  reactions 
with  secondary  butoxychloropentene  proceed  mainly  according  to  a  monomolecular  mechanism. 
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MOLECULAR  REARRANGEMENTS  OF  a-KETO  ALCOHOLS 

XI.  MOLECULAR  REARRANGEMENTS  DURING  METHANOLYSIS  OF  ESTERS  OF  a-KETO  ALCOHOLS 

T,  I.  Temnikova  and  E.  I.  Kulachkova-Kmito 


In  previous  investigations  [1,2]  it  was  shown  that  in  the  synthesis  of  some  a  'keto  alcohols  by  the  Klint 
method,  the  normal  products  of  reaction  are  accompanied,  as  anticipated,  by  isomer^e  a-keto  alcohols.  The 
formation  of  a  mixture  of  isomeric  keto  alcohols  in  this  reaction  was  noted  in  a  series  of  papers  [3],  but  in 
all  the  previously  studied  examples  the  isomei  :c  Keto  alcohols  —  the  abnormal  reaction  products  —  were  more 
stable,  and  their  formation  was  explained  by  the  isom^erization  of  the  primary  normal  reaction  products.  In 
the  cases  investigated  by  us  the  isomeric  keto  alcohols  proved  to  be  less  stable  and  when  heated  under  alkaline 
conditions  they  were  transformed  into  the  a4:eto  alcohols  which  are  the  normal  reaction  products; 


Cl 

I 

CeH^ 

c=o 

I 

CHBr 

I 

CH, 


CHjOH  +  HCOOK  / 

\ 


Cl-CgH^-CO-CHOH-CH, 


on  heating  In  an 
alkaline  medium 


CF-Cgll^rCHOH-CO-CHs 


In  explanation  of  this  phenomenon  we  put  forward  two  possible  mechanisms  of  the  formation  of  the 
anomalous  keto  alcohol: 


Cl 

Cl 

1 

1 

C6H4 

c=o 

HCOOK  ^ 

CeHfi 

CH-O-CHO 

1 

CH^H^ 

Cffk 

CHOH 

1 

CHBr 

1 

c=o 

1 

c=o 

1 

CH, 

1 

CH, 

CH, 

Cl 

1 

Cl 

Cl 

1 

c=o 

HCOOK j 

CeH* 

c=o 

CHiOH^ 

C8H4 

CHOH 

1 

1 

CHBr 
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According  to  the  first  variant,  molecular  rearrangement  takes  place  during  the  formation  of  the  ester  of 
the  keto  alcohol  from  the  bromo  ketone;  this  type  of  rearrangement  has  been  described  in  the  literature  [4]. 

In  the  second  case  it  is  proposed  that  rearrangement  occurs  during  the  stage  of  methanolysis  of  the  ester. 
Molecular  rearrangements  during  methanolysis  of  esters  of  keto  alcohols  have  not  been  described  in  the  literature. 
On  the  basis  of  theoretical  considerations  we  have  considered  the  second  variant  to  be  more  probable.  The 
present  investigation  had  the  objective  of  throwing  more  light  upon  this  stage. 

Attempts  to  elucidate  the  process  of  separation  of  the  formate  of  the  keto  alcohol  and  obtain  evidence 
of  its  structure  did  not  succeed.  When  the  bromo  ketone  was  reacted  with  potassium  formate  in  a  medium  of  Q&lo 
formic  acid,  the  resultant  product  (distilled  in  vacuum)  contained  a  considerable  amount  of  the  keto  alcohol. 
Formation  of  the  keto  alcohol  could  proceed  both  through  partial  hydrolysis  with  water  present  in  the  reaction 
mixture  and  through  decomposition  of  the  formate  during  the  distillation. 
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It  was  therefore  impossible  to  obtain  direct  evidence  of  the  rearrangement  mechanism.  In  view  of  the  fail¬ 
ure  to  prepare  the  pure  formate  of  the  keto  alcohol,  experiments  were  performed  to  establish  the  possibility  of  ex¬ 
tending  the  reaction  to  other  esters  or  of  effecting  the  methanolysis  of  the  other  esters  of  a-keto  alcohols.  In  the 
present  investigation  we  have  studied  the  methanolysis  of  methyl- p-chlorobenzoyl  carbinol  acetate. 


The  acetate  was  prepared  by  the  action  of  potassium  acetate  upon  a-bromoethyl-p-chlorophenyl  ketone  and, 
as  was  shown  in  the  previous  communication,  did  not  contain  the  Isomeric  acetate  [2].  Heating  of  the  ester  on  the 
boiling  water  bath  with  methyl  alcohol  for  20  hours  in  presence  of  sodium  formate  gave  a  mixture  of  keto  alcohols 
in  approximately  the  same  ratio  as  was  obtained  In  the  methanolysis  of  the  formic  ester.  Evidence  of  the  presence 
o'f  a  nfiiiture  of  keto  alcohols  was  obtaiiKdliy  their  conversion  into  glycols  with  the  help  of  C(H|MgBr.  Oxidation 
of  the  product  resulted  in  separation  of  p-chlorobenzophenone,  acetophenone  and  p-chlorobenzoic  acid. 

Cl 

t  H 

I  *  *  CH^H  [Cl-C«Hf-CO-CHOH-CH3  C^HsKlgBr^ 

C=0  Q  Ici-CeHj-CHOH-CO-CH, 
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I  ’%H 

CH, 


CiH, 

C1-C*H4-C- CHOH- CH, 

in 

1 

Lci-CeHi-CHOH-C-CH, 


OH 


It  has  thus  been  esublished  that  the  step  of  methanolysis  of  esters  of  keto  alcohols  may  be  complicated  by 
a  molecular  rearrangement  with  formation  of  an  isomeric  keto  alcohol  not  corresponding  in  structure  to  the  initial 
bromo  ketone. 

The  formation  of  an  isomeric  a-keto  alcohol  durmg  methanolysis  of  esters  of  a-keto  alcohols  can  be  ac¬ 
counted  for  only  by  the  occurrence  in  the  complex,  formed  in  the  fust  stage  of  the  process,  of  supplementary  inter¬ 
action  between  the  cai^nyl  and  hydroxyl  groups  to  give  a  cyclic  compound  due  to  iitramolecular  addition.  We 
may  represent  the  course  of  the  reaction  by  the  following  scheme: 
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EXPERIMENTAL 

1.  Action  of  sodium  formate  on  a-bromoethyl-p-chlorophenyl  ketone.  42  g  a*bromoketone,  60  g  anhydrous 
sodium  formate  and  100  ml  formic  acid  (98^;  d  1.2220)  were  heated  for  30  hours  at  100*.  At  the  end  of  the  reaction 
the  formic  acid  was  distilled  off  in  vacuum  and  the  residue  distilled  over  at  134-13T  (5  mm).  Yield  6.2  g. 

dj*  1.2457;  n”  1.5459;  number  of  OH  groups:  0.52,  0.52|  0.41. 

2.  Methanolysis  of  methyl-p-chlorobenzoyl  carbinol  acetate  by  methyl  alcohol.  Use  was  made  of  the  ester 
prepared  by  the  earlier  described  method  [2].  It  had  b.p.  127-130*  (1.5  mm*)  n^  1.5332.  13  g  of  ester  dissolved  in 
35  ml  absolute  methyl  alcohol  was  heated  on  the  boiling  water  bath  with  10  g  anhydrous  sodium  formate.  At  the 
conclusion  of  the  reaction,  the  alcohol  was  distilled  off  in  vacuum  and  the  residue  washed  with  water  and  extracted 


1426 


with  ether.  The  ether  exnact  was  dried  with  magnesium  sulfate,  the  ether  driven  off,  and  the  residue  distilled  in 
vacuum. 

B.p.  at  1.5  mm;  df  1.255;  dj®  1.245;  n^|§  1.553;  ng  1.5498;  MRp  found  47.04,  calc.  46.564. 

Yield  6  g  of  keto  alcohol  or  QQPjo  of  theoretical.  •  From  0.6  g  was  obtavned  0.62  g  semicarbazone  with  b.p. 
176-178*. 

Action  of  CfiHpMgBr  on  the  reaction  product.  To  the  CgHgMgBr  obtained  from  3  2gMgand21  g  bromobenzene 
while  cooling  with,  ice  was  added  5  g  of  reaction  product.  After  the  usual  treatment  [2]  followed  by  removal  of  the 
ether,  the  material  was  dissolved  in  a  large  amount  of  llg.roin  from  which  spherical  crystals  separated,  M.p.  88-90*. 
Yield  1.8  g. 

0.0913  g  substance:  0.2302  g  COj;  0.0481  g  HjO.  0,0404  g  substance:  0.1020  g  COj;  0.0202  g  HjO. 

Found  <7o:  €  68.76,68.85;  H  5.89,  5.59.  CigHisOiCl.  Calculated  7o:  €  68.58;  H  5.71. 

Oxidation  of  the  reaction  product.  To  1.3  g  substance  was  added  10  g  lead  tetraacetate  in  20  ml  glacial 
acetic  acid  and  oxidation  was  performed  at  55-65".  Further  treatment  was  as  before  [2].  Steam ‘distillation 
yielded  first  an  oil  with  the  odor  of  acetophenone  and  then  a  solid  which  solidified  in  the  condenser  and  melted, 
after  drying,  at  68-72*.  A  mixture  with  an  authentic  specimen  of  p-chlorobenzophenone  (m.p.72-74*)  melted  at 
70-73*.  The  residue  from  the  steam  distillation  was  extracted  with  ether  to  give  a  crystalline,  readily  distillable 
compoiuid  with  m.p.  233-235*.  A  mixture  with  p-chlorobenzok  acid  had  the  same  melting  point. 

The  first  part  of  the  steam-distillate  was  oxidized  with  silver  oxide  for  remsoval  of  aldehydes  from  the  neu“ 
tral  oil  and  again  steam-distilled.  The  distilled  oil  with  a  distinct  odor  of  acetoprenone  was  converted  into  the 
semicarbazone  which,  after  several  recrystallizations  from  alcohol,  melted  at  198-201".  A  mixture  with  aceto¬ 
phenone  semicarbazone  also  melted  at  197-200®. 

SUMMARY 

1 .  Heating  of  methyl-p-chlorobenzoyl  carbinol  acetate  with  methyl  alcohol  in  presence  of  sodium  formate 
leads  to  methanolysis  of  the  ester. 

2.  The  methanolysis  of  methyl-p-chlorobenzoyl  carbinol  acetate  is  shown  to  be  complicated  by  a  molecu¬ 
lar  rearrangement  which  results  in  formation,  side  by  side  with  the  normal  reaction  product  (methyl-p-chlorobenz- 
oyl  carbinol),  of  the  isomeric  keto  alcohol  “-p-chlorophenylacetyl  carbinol. 
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CHEMICAL  REACTIONS  AT  EXTREMELY  HIGH  PRESSURES 
I.  REACTION  OF  BENZENE  WITH  ANHYDROUS  ALUMINUM  CHLORIDE 


M. G.  Gonikberg  and  A  .  E. Gavrilova 


Several  authors  have  studied  the  action  of  anhydrous  aluminum  chloride  on  benzene:  G.Gustavson  [1] 

(1878  and  later),  Friedel  and  Crafts  [2]  (1882-1885),  and  others  (see  the  survey  of  these  investigations  [3]).'  The  reac¬ 
tion  gives  a  complex  mixture  of  hydrocarbons  from  which  were  isolated  phenylcyclohexane,  o-diphenylcyclohexane 
and  3-phenyl-l  -methylcyclopentane.  There  are  also  indications  of  the  presence  in  the  reaction  products  of  diphen¬ 
yl,  ethylbenzene,  toluene  and  naphthalene  (at  higher  temperatures).  The  yield  of  products  was  found  to  be  most 
insignificant  in  spite  of  the  experiments  being  prolonged  for  several  weeks.  For  instance,  in  the  experiments  of 
Wertyporoch  and  Sagel  [4]  the  total  yield  of  products  of  reactions  of  benzene  with  aluminum  chloride  at  30*  for  12 
weeks  was  8<^  of  the  weight  of  benzene. 

No  previous  study  has  been  reported  on  the  effect  of  pressure  on  the  reaction. 

EXPERIMENTAL* 

We  performed  experiments  with  anhydrous  AlClj  and  dry  benzene  (thiophene-free)  taken  in  molar  ratios  of 
0.8:1,  using  a  stainless  steel  reactor  at  pressures  up  to  3300  atm.  The  reactor  was  fitted  with  a  valve  and  pressure 
gage;  heating  was  by  an  electric  furnace  covering  the  reactor.  The  temperature  was  kept  constant  within  the 
limits  of  +2*  with  the  help  of  a  contact  thermometer.  Pressure  was  developed  with  a  pump  (up  to  650  atm)  and  a 
hydraulic  compressor;  in  experiments  at  pressures  up  to  1400  atm  the  reactor  was  first  charged  with  the  experimen¬ 
tal  mixture,  and  then  benzene  was  pumped  in  to  the  required  pressure  with  the  pump  or  compressor.  In  experiments 
at  pressures  exceeding  1400  atm,  the  mixture  was  placed  in  a  sealed  lead  ampoule  and  the  pressure  was  developed 
with  the  help  of  a  solution  of  water  in  glycerol  which  was  pumped  into  the  reactor  with  the  hydraulic  compressor. 
The  reactor  was  heated  for  a  period  of  50-60  minutes;  cooling  was  effected  more  slowly:  in  two  hours  after  term¬ 
ination  of  heating  the  reactor  had  been  cooled  to  50*.  The  duration  of  an  experiment  (r)  was  taken  to  be  the  per¬ 
iod  during  which  the  reactor  was  at  the  specified  temperature.  After  cooling  and  opening  the  reactor,  its  contents 
(or  the  contents  of  the  lead  ampoule)  were  poured  'oito  ice;  after  the  ice  had  melted,  the  product  was  extracted 
with  ether,  washed  with  i  water  until  neutral  (removal  of  HCl),  and  dried  over  calcined  sodium  sulfate.  The  ether 
was  then  driven  off,  likewise  the  benzene  (in  a  water  bath  *  to  a  residual  pressure  of  20-25  mm).  The  liquid  resi¬ 
due  was  weighed  and  fractionated  in  vacuum  (1-2  mm)  until  the  residue  only  contained  resins  which  decomposed  on 
further  heating. 

Variation  oft  Yield  of  Prod tcct^s*  of  Rea>ction'Wl t h J[^r essure 

In  Tables  1  and  2  are  presented  the  results  of  experiments  on  the  reaction  of  benzene  with  anhydrous  AICI3. 
The  following  conclusions  can  be  drawn: 

1)  The  total  yield  of  reaction  laroducts  increases  with  rising  pressure. 

2)  Increase  of  pressure  leads  to  a  fall  in  the  relative  content  of  fractions  boiling  at  lower  temperatures  (up  to 
140*  at  1-2  mm). 

These  conclusions  are  generally  applicable  both  for  experiments  performed  directly  in  the  reactor  and  for 
those  in  lead  ampoules,  notwithstanding  the  slight  differences  in  the  results  of  each  of  these  series  of  experiments. 
These  differences  may  have  arisen  from  partial  reaction  of  the  released  hydrogen  chloride  with  the  lead  ampoule, 
resulting  in  formation  of  and  PbClf.  The  amounts  of  lead  chloride  formed  in  Experiments  16  and  21  of  the  lead 
ampoule  series  were  respectively  2.9  and  2.5  g. 

*  Mechanic  V. A. Kuznetsov  collaborated. 
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TABLE  1 


Reaction  of  Benzene  with  AlClj  in  a  Stainless  Steel  Reactor  at  100* 


Expt. 

No. 

1 

(8) 

AlCl, 

(8) 

^  1 

T 

(hrs) 

1 

P 

(atm) 

1  Yield  of 
products 
(wt.*7o  of 
benzene) 

Wt.‘55)  of  fractions  • 

Notes 

up  to 

140* 

140-  5 

170* 

1 

above 

170* 

- 1 

13 

78.6 

105.5 

5 

1  8« 

10.0 

28.8 

20.2 

22.2 

Fractionation  to  215* 

14 

77.9 

106.0 

5 

1.8  •• 

12.0 

23.4 

18.3 

28.7 

Fractionation  to  213* 

7 

85.7 

110.0 

2 

650 

25.0 

19.3 

22.0**^ 

8 

80.0 

110.0 

1  5 

650 

28.0 

15.9 

13.0 

44.0 

Fractionation  to  240* 

10 

79.7 

109.8 

5 

1400 

24.0 

6.8 

9.6 

62.0 

Fractionation  to  230“ 

TABLE  2 

Reaction  of  Benzene  with  AICI^  in  Lead  Ampoules 


Expt. 

No. 

u  "" _ 

AlCl, 

(8) 

r 

(hrs) 

!  p 

^  (atm) 

i 

i 

Yield  of 
pioducts 
(wt.'^of 
benzene) 

Wt.*?^  of  fractions^ 

Notes 

up  to 

140“ 

140- 

170° 

above 

170“ 

21 

44.9^ 

59.9 

5 

100il.8^* 

10.2 

17.0 

17.2 

29.4 

Fractionation  to  190“ 

16 

45.0 

60.5 

2 

ibo  2400 

31.2 

7.6 

18.0 

41.1 

Fractionation  to  243“ 

cn 

1 

9124 

11.0 

2 

120; 3300 

42.2 

Investigation  of 
Composition  of 
Reaction  Products 

The  fractions  ob¬ 
tained  in  Experiments 
7  and  8  (Table  1), which 
were  conducted  at  100* 
and  650  atm,  were  sub¬ 
jected  to  two  fraction¬ 
ations  in  succession  at 

l. 2  mm.  Only  one 
crystalline  substance  was 
separated  in  this  manner. 
We  combined  the  cryst¬ 
als  of  this  substance  with 
those  obtained  in  other 
experiments,  separated 
them  from  oil  with  pet¬ 
roleum  ether,  filtered, 
and  recrystallized  them 
from  benzene  until  the 

m. p.  was  constant. 

The  substance  ob¬ 
tained  is  in  the  form  of 


•Fractionation  at  1-2  mm  mercury. 

••Pressure  of  saturated  benzene  vapor  at  100“. 
••*  Experiment  carried  out  in  a  pressure  apparatus. 
••••Up  to  180*. 


white  needles  with  m.p.  156*,  soluble  in  benzene,  alcohol, 
and  ether,  and  insoluble  in  water.  Found  7o:  C  93.62, 
93.49;  H  6.52,  6.58;  M  209  (by  Rast's  method). 

The  composition,  molecular  weight  and  melting 
point  conespond  to  those  of  1,4-diphenyl-l  ,3-cyclo- 
pentadiene  (m.p,.  157-158*). 


We  prepared  the  plcrate  of  this  substance;  m.p.  (with  decomposition)  145-146*,  agreeing  with  that  of  the 
picrate  of  l,4-dii*enyl- 1 , 3  -cyclopentadiene  [5]. 

Found  <5l»:  0  51.30,  51.37,  H  2.84,  3.02.  Calculated  C  51.48;  H  2.98. 

Qualiutive  tests  [5]  were  carried  out  (red  solution  with  blue  fluorescence  in  cone,  sulfuric  acid,  yellow  color 
of  solution  in  mixture  of  chloroform  and  glacial  acetic  acid)  and  confirmed  the  identity  of  the  substance  with  1 ,4- 
diphenyl- 1  ,  3  -  cyclopentadiene. 


The  narrow  fractions  boiling  below  180-190*  (1.2  mm)  were  oily  liquids  whose  viscosity  increased  with  in¬ 
creasing  boiling  point;  at  temperatures  above  190*  an  extremely  viscous,  dark-red  oil  came  over  and  solidified  to  a 
vitreous  mass  in  the  receiver.  Each  of  the  fractions  was  analyzed  for  C  and  H  and  molecular  weight  (Rast),  and  the 
boiling  points  at  atmospheric  pressure  were  determined. 

The  first  two  fractions  —  70-75*  (1.2  mm)  and  107-110*  (1.2  mm)  —  were  obtained  in  small  quantities.  Anal¬ 
yses  of  these  fractions  gave  the  following  results: 

Ist  Fraction  70-75*  (1.2  mm).  Found  <5b:  C  91.17,  90.87;  H  9.05,  9.29. 

2nd  Fraction  107-110*  (1.2  nun).  Found  C  91.91,  91.76;  H  8.07,  8.16. 


In  Table  3  are  set  forth  the  results  of  examination  of  the  h^er  boiling  fractions  together  with  the  constants 
[6]  of  the  assumed  components  of  the  mixture. 


Examination  of  Table*3  indicates  that  Fraction  3  resembles  diphenylcyclopentane  whose  ivesence  was  to  be 
expected  on  the  basis  of  examination  of  the  crystalline  product  of  the  reaction  (see  Table,  next  page).  In  this  frac¬ 
tion,  however,  there  is  also  evidence  of  the  presence  of  diphenylcyclohexane  (and  methyldiphenylcyclopentane). 
The  constants  of  Fractions  5  and  6  are  close  to  those  of,  respectively,  triphenylcyclopentane  and  triphenylcyclohex- 
ane;  Fraction  4  is  apparently  intermediate.  Concerning  Fractions  1  and  2  (see  next  page),  they  are  evidently  a 
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TABLE  3  mixture  of  phenylcyclohexane 

Comparison  of  Results  of  Examination  of  Fractions  with  the  Constants  methylphenylcyclopentane) 

with  the  components  of  Fraction 

of  the  Assumed  Components  of  the  Mixture 

3,  although  the  composition  of 

Substance  (or  fraction) 

B.p.  n 

c(‘jfc)  1 

H  0))  M  Fraction  2  is  remarkably  close  to 

Third  fraction . 

300-306  (760) 
130-132  (1.2) 

91.87,  91.88 1 

8.36,  8.36 

! 

that  of  Fraction  3. 

242 

The  experimental  data 

1.3- Diphenylcyclopentane 

1 , 3  -  D  ipheny  Icy  c  lohexane 

1.4- Diphenylcyclohexane 
Methyldiphenylcyclopentane 

140-141  (3) 
196-198  (17^ 
190  (29)  S 
No  data 

91.84 

91.53 

8.16  j 

I 

8.47  I 

mild  JUdLllJf  me  Adblllll^LlVll  LIlCiL 

222  phenylated  cyclohexanes  and 

cyclopentanes  are  present  in  the 
236  reaction  products. 

r»  T  Q  r- TT  Q  c  rn  M  nv 

Fourth  fraction . 

323-326 (760) 
145-147  (1.2) 

92.35,  92.25 

7.92,  8.01 

260,  268  RESULTS 

The  foregoing  data  for  the 

Fifth  fraction . 

330-340  (760) 
165-170  (1.2) 

92.93 

7.34 

1 

benzene— aluminum  chloride 
interaction  at  pressures  up  to 

3300  atm  testify  to  the  very  great 

1 ,2,4-Triphenylcyclopentane 

285  (50) 

92.62 

7.38 

ggg  diversity  of  the  reactions  in¬ 

volved.  These  reactions  evi- 

1 

Sixth  fraction . 

j 

360-380(760) 
190-200  (1.2) 

92.24,  92.49 

7.57,  7.69 

308  332  dently  proceed  within  the  com- 

’  plex  constituted  by  the  starting 

materials  but  may  also  involve 

Triphenylcyclohexane.  .  .  . 

’  The  pressure  in  mercury  is 

No  data 
given  in  bracks 

92.32 

its 

7.68 

312  hydrogen  chloride.  Without  en¬ 

tering  into  speculation  about  the 
mechanism  of  the  action  of  hyd- 

rogen  chloride,  we  may  point  out  that  at  the  present  time  there  is  no  doubt  about  the  formation  of  a  reactive  complex 


in  other  similar  reactions.  Our  data  correlating  the  product  yield  with  pressure  show  that  the  formation  of  the  reac¬ 
tive  complex  and  the  sum  total  number  of  reactions  taking  place  are  accompanied  by  a  reduction  in  volume.  This 
was  also  to  be  expected  because  these  reactions  result  in  the  formation  of  higher  molecular  hydrocarbons,  and  the 
hydrogen  evolved  during  condensation  is  partly  consumed  in  the  hydrogenation  of  these  hydrocarbons. 

It  must  be  noted  that  the  increase  of  total  yield  of  products  with  rising  pressure  is  exuemely  significant 
(the  increase  is  threefold  with  rise  of  pressure  from  1.8  atm  to  2400  atm).  It  is  natural  that  the  biggest  increase  in 
yield  should  apply  to  the  hydrocarbons  of  highest  molecular  weight  whose  formation  proceeds  with  maximum  con¬ 
traction  in  volume;  this  finds  expression  in  our  observation  of  the  fall  in  the  relative  content  of  die  lower  boiling 
fractions  in  the  reaction  products. 

SUMMARY 

1.  The  effect  of  pressure  up  to  3300  atm  on  the  interaction  of  benzene  with  anhydrous  aluminum  chloride 
has  been  investigated.  Increase  of  pressure  brings  about  a  marked  increase  in  the  total  yield  of  products  and  also 
increases  the  relative  content  of  higher  molecular  products. 

2.  The  products  of  interaction  of  benzene  with  anhydrous  aluminum  chloride  under  pressure  were  examined. 
Crystalline  1,4-diphenyl-l ,  3 -cycldpen|adiene  was  isolated  and  identified.  The  isolated  liquid  fractions  resemble 
phenylated  cyclohexanes  and  cyclopentanes  in  respect  of  Chemical  composition,  boiling  point  and  molecular  weight. 
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CHEMICAL  REACTIONS  AT  EXTREMELY  HIGH  PRESSURES 

11.  REACTION  OF  BENZENE  WITH  CARBON  DIOXIDE 
M.  G.  Gonikberg  and  A.  E.  Gavrilova 


In  1931  Kinney  and  Langlois  reported  [1]  that  they  had  succeeded  in  preparing  a  small  quantity  of  benzoic 
acid  (Q.iyjo  of  the  weight  of  starting  benzene)  by  heating  benzene  with  CO|  for  10  hours  at  300*  and  35  atm  in 
presence  of  a  catalyst  of  the  type  of  Zn-CuCr  oxides.  Subsequently  (in  1935),  however,  in  a  paper  by  Kinney  and 
Bonner  [2]  these  results  were  described  as  erroneous  on  the  basis  of  the  authors'  thermodynamic  calculation  of  the 
equilibrium  in  the  reaction; 

CgHe  +  CO|  CsHgCCXlH.  (1) 

They  stated  that  at  25*,  AF  =  4300  cal/mole  (log  K  =  —3.1),  while  at  250*  AF  =  18170  cal/mole  (log  K  = 

-7.6). 

The  reaction  of  formation  of  benzophenone  is  even  less  advantageous  from  the  thermodynamic  viewpoint. 
Thus,  at  25*  the  AF  of  this  reaction  is  about  7  kcal/niole,  i.e.  K  is  about  10~^.  We  have  performed  an  approximate 
calculation  of  the  effect  of  pressure  on  the  equilibrium  constant  of  reaction  (1). 

Data  for  the  compressibility  of  CQi  at  pressures  up  to  3000  atm  in  the  temperature  range  of  0-150*  are  given 
by  Michels  and  co-workers  [3].  From  these  data  Michels  calculated  in  another  paper  [4]  the  free  energy  of  carbon 
dioxide  under  pressure.  Without  going  into  the  details  of  our  own  calculations,  we  may  limit  ourselves  to  saying 
that  this  calculation  was  based  upon  an  extrapolation  of  Michels'  data  into  the  region  of  higher  temperatures  and 
pressures.  One  result  of  this  ixocedure  was  that  the  isochores  of  carbon  dioxide  at  0-150*  and  at  densities  of 
0. 9-1.2  g/cm’  were  nearly  rectilinear;  this  fact  permitted  easy  extrapolation  of  P-V-T  data  at  high  ixessures  into 
the  higher  temperature  region  with  the  help  of  the  formula; 

Pj  =  Pj^  +  a(T-To)  (p  =  const.). 

The  computations  lead  to  the  conclusion  that  at  300*  and  5000  atm  the  equilibrium  constant  of  the 
reaction  of  formation  of  benzoic  acid  horn  benzene  and  CQi  is  roughly  10*^  Consequently  the  theoretical 
yield  of  beilzoic  acid  even  under  super-high  pressures  is  negligibly  small. 

On  the  other  hand,  Friedel  and  Crafts  [5]  long  ago  observed  the  formation  of  small  amounts  of  benzoic 
acid  after  passing  dry  carbon  dioxide  through  a  mixture  of  benzene  and  anhydrous  aluminum  chloride  heated 
nearly  to  boiling.  At  the  same  time  a  little  hydrogen  chloride  was  evolved.  The  authors  suggested  the  formation 
of  the  compound  CgHgCOOAliCls,  which  by  reaction  with  water  splits  up  to  form  benzoic  acid. 

In  the  patent  literature  [6]  is  described  the  preparation  of  benzoic  acid  by  heating  benzene  with  carbon 
dioxide  in  presence  of  anhydrous  Aids  (50<)k>  of  the  weight  of  the  benzene)  at  100*  and  60  atm  for  12-15  hours 
while  stirring.  According  to  the  patent  data  the  benzoic  acid  yield  reaches  15<^  of  the  weight  of  starting  benzene. 

Our  investigation  had  two  main  fields  of  inquiry: 

1)  Interaction  of  benzene  with  carbon  dioxide  at  super-high  pressures  in  the  absence  of  catalysts. 

2)  Effect  of  pressure  on  the  reaction  of  benzene  with  carbon  dioxide  in  presence  of  anhydrous  aluminum 
chloride. 

(nvestigation  of  the  Reaction  of  Benzene  wiLh  CjLjr.h.oji. JJJLo x Lie. .ai_SJUP.c LrHigh- 

Pressures  in  Absearie  o£  Catalysts 

Theoretical  data  were  presented  above  to  illustrate  the  extremely  low  equilibrium  concentrations  of  benzoic 
acid  when  prepared  from  benzene  and  CQi  even  at  very  high  pressures.  We  undertook  a  series  of  experiments  in  a 
super-high  pressure  apparatus  with  the  aim  of  establishing  whether  this  reaction  proceeds  in  the  absence  of  a  catalyst. 
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F^.l.  Super-high j)ressuie 
apparatus,!)  low-pressure 
cylinder;  2)  packing  of 
cylinder  piston;  3)cylinder 
piston;4)  high-pressure  ^ 
piston;  5)  packing  of  high- 
pressure  cylinder;6)  rein¬ 
forcing  rings;  7)high-pres- 
sure  cylinder;8)  column; 

9)  fitting  to  12,000  atm 
pressure  gage;  10}  valve 
for  feeding  liquid  into 
pressure  apparatus:  11) 
reactor;  12)  flange  for 
connecting  high-pressure 
cylinder  to  low-{8:essuie 
cylinder;  13)  packing  of 
piston  4;  14)  union  for 
transmission  of  pressure 
to  cylinder  1. 


a)  Experiments  in  steel  ampoules  with  a 
moving  piston.  At  first  experiments  were  performed 
in  a  pressure  apparatus*  with  a  15  cm®  reactor 
capacity  (Figiore  1)  into  which  was  introduced  an 
ampouie  containing  benzene  and  COj  and  equipped 
with  a  moving  piston  (Figure  ,2).  The  ampoule  was 
first  placed  in  a  Dewar  flask  contaimng  a  mixture 
of  solid  carbon  dioxide  and  ether  and  then  charged 
With  spiid  carbon  dioxide  (1-2  g)  and  solid  benzene 
(2-3  g).  The  ampoule  was  then  closed  with  the  piston 
and' hollow  nut  and  placed  in  the  reactor  of  the  pres¬ 
sure  apparatus,  after  which  pressure  was  developed  in 
the  reactor  by  means  of  a  solution  of  water  in  glycerol. 
Experiments  were  performed  at  pressures  of  7-8 
thousand  atm  and  temperatures  of  125-200'’  over  a 
period  of  5  hours.  Under  these  conditions  no  reaction 
of  benzene  with  COj  was  observed. 

b)  Experiments  in  a  mov:jrg -piston  reactor 
(without  ampoule).  The  reactor  was  fitted  with  a 
moving  piston  and  a  valve  for  feeding  gas;  experi¬ 
ments  were  then  performed  In  it  at  pressure  up  to 
8-9  thousand  atm  and  temperatures  of  150  -175'*  for 
5  hours.  The  charge  of  benzene  was  here  increased 
to  4.8-5. 3  g.  No  products  of  interaqtion  of  benzene 
with  COi  were  detected. 

c)  Experiments  in  a  large  reactor.  Experi¬ 
ments  carried  out  in  the  pressure  apparatus  with 

a  large  reactor  (approx.  50  cm®)  at  5-6  thousand 
atm  and  125-150°  for  5  hours  likewise  did  not  yield 
positive  results.  Finally,  it  was  deemed  necessary 
to  try  the  effect  of  stirring  of  the  mixture  at  super- 
high  pressures. 


Fig. 2.  Ampoule  with 
moving  piston.  1) 
moving  piston  2)  stop 


’  '  d)  Experiments  in  a  rocking  reactor.  (Figure  3)  were  conducted  at  pressures 

gh-pressure  temperatures  of  200  and  300*.  At  first  the  reactor  was  filled 

^  ,,  ,  with  dry  carbon  dioxide  (dried  in  a  highi?ressure  bomb  over  calcium  dhloride). 

cyllnder;13)  packingof  „  ,  ^  .  ,  r.. 

.  ...  ,  ,  Pressure  was  then  created  m  the  reactor  by  pumping  in  a  mixture  of  dry,  cryo- 

piston  4;  14)  union  for 

.  .  ’  scopically  pure  benzene  and  absolute  ethanol  or  methanol;  the  pressure  was  then 

transmission  of  pressure 

^  .  increased  with  the  help  of  an  intermediate  vessel  connected  to  a  hydraulic  com- 

to  cylinder  1. 

pressor  (Figure  4).  Utilization  of  alcohols  was  necessitated  by  the  solidification 
of  pure  benzene  at  pressures  of  about  900  atm  at  room  temperature.  It  was 
established  in  preliminary  experiments  that  benzene  does  not  react  with  ethyl  or  methyl  alcohol  in  the  absence 
of  a  catalyst  at  pressures  up  to  6000  atm  and  temperatures  of  200-300*. 

The  rocking  reactor  experiments  likewise  failed  to  yield  positive  results. 

Consequently  we  were  unable  to  establish  the  formation  of  benzoic  acid  or  benzophenone  from  benzene 
and  carbon  dioxide  at  super-high  pressures  in  absence  of  catalysts. 


Investigation  of  Re  a  ction  of  Benzene  with  Car 
LilJPj ej.ejiiLe.  .CLf  An.h xd.r  o  U5  A.I  u  m  i n  u  m  Chloride.. 


on  Dioxide  U n dj r_.P re s suj e. 


We  performed  experiments  m  the  rocking  reactor  (Fig. 3)  constructed  of  stainless  steel,  capacity  130  cm®, 
at  pressures  up  to  2000  atm  and  at  100*.  The  reactor  was  charged  with  aluminum  chloride  and  benzene,  after 
which  carbon  dioxide  (dried  over  calcium  chloride  in  a  high'i)ressure  bomb  for  several  days)  was  added.  This 
*  The  pressure  apparatus  was  constructed  in  collaboration  with  L.  F.  Vereshchagin  with  assistance  from  Engineering 
Draughtsman  A.  A.  Opekunov. 
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resulted  in  a  pressure  in  the  reactor  of  80-100  atm  ^^®  ^®lP  of  *  pump  or  intermediate 

vessel  (Fig. 4)  a  definite  amount  of  benzene  was  pumped  into  me  reactor  until  the  required  initial  pressure 
(Pinitiap  attained,  following  which  the  electric  heater  of  the  reactor  was  switched  on.  The  duration  of  the 
experiment  (r)  was  reckoned  to  be  from  the  moment  of  attainment  of  the  required  temperature  (100*)  to  the 
switching-off  of  the  heat. 

After  the  reactor  had  cooled,  the  product  was  poured  on  to  ice,  extracted  with  ether,  washed  with  water, 
and  treated  with  10<1^KOH  solution;  the  alkaline  solution  was  then  separated  and  acidified  with  dilute  hydro¬ 
chloric  acid.  The  separated  residue  of  benzoic  acid  was  filtered  off  and  dried.  The  benzoic  acid  obtained  had 
m.p.  107-110*.  After  recrystallization  and  sublimation  it  melted  at  119-120*. 

The  ether  solution  was  again  washed  with  water  until  neutral  and  dried  over  calcined  sodium  sulfate; 
the  ether  was  then  driven  off,  followed  by  the  benzene  (in  a  water  bath  to  a  residual  pressure  of  20-25  mm).  The 
residue  (liquid  product)  was  weighed  and  fractionated  in  vacuum  at  1-2  mm.  The  115-140*  fraction  was  predomi¬ 
nantly  benzophenone.  A  second  distillation  of  this  fraction  gave  the  benzoi^enone  in  the  form  of  crystals  identi¬ 
fied  by  the  preparation  of  the  phenylhydrazone  with  m.p.  131-133*  (the  literature  gives  134*). 

The  higher  boiling  fractions  were  hydrocarbons — products  of  reaction  of  benzene  with  anhydrous  AlClj 
[7],  including  crystalline  1, 4-diphenyl -1.3-cyclopentadiene. 


We  may  draw  the  following  conclusions  from  the 

table; 

1)  Increase  of  pressure  above  70-80  atm  leads  to 
an  insignificant  increase  in  the  benzoic  acid  yield  and  to 
a  more  appreciable  increase  in  the  benzophenone  yield. 

2)  An  increase  in  the  amount  of  anhydrous  aluminum 
chloride  causes  a  marked  rise  in  the  benzophenone  yield. 

DISCUSSION  OF  RESULTS 


The  above  experimental  data,  together  with  the 

Fig.  3.  Rocking  reactor.  literature  data,  indicate  that  in  the  reaction  of  benzene 

with  carbon  dioxide  in  presence  of  anhydrous  aluminum 
chloride,  the  latter  enters  into  the  reaction  and  thereby 
brings  about  the  possibility  of  ob¬ 
taining  benzoic  acid  and  benzo¬ 
phenone  in  yields  many  tunes 
greater  than  the  equilibrium  con¬ 
centrations  of  these  products  as 
calculated  from  the  change  of 
free  energy  in  the  forward  reac¬ 
tions:  +  CC^^— CfU^COOH 

and  2C,H,  +  (C^)|CO  +  H|0. 

The  effect  of  pressure  on  the  course 
of  the  reaction  between  benzene  and  CO| 
in  presence  of  Aids  is.  evidently, 
especially  marked  at  low  pressures  when 
the  density  of  the  carbon  dioxide  sharply 
Fig.  4.  Scheme  for  charging  rocking  reactor.  1)  pump;  2)  inter-  increases.  Thus,  according  to  the  patent 

mediate  vessel;  3)  rocking  reactor;  4)  hydraulic  pump  as  designed  data  [6]  the  passage  of  COs  for  30  hours 

by  L.  F.  Vereshchagin  through  boiling  benzene  (600  g)  in 

presence  of  135  g  Aids  leads  to  the 

formation  of  1.2  g  CsHsCOOH  in  all,  while  at  50  atm  under  the  same  conditions  40  g  (i.e.  6.7<^)  benzoic  acid 
and  4  g  (0.1^)  benzophenone  are  obtained.  Our  experiments  showed  that  further  increase  of  pressure  has  a 
very  much  weaker  effect  upon  the  benzoic  acid  yield;  however,  the  benzophenone  yield  rises  more  appreciably 
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Interaction  of  Benzene  with  Dry  Carbon  Dioxide  in  Presence  of  Aids  at  100* 
and  T  =  5  hours 


CgHg 

(g) 

AlCig 

(g) 

Pressure 

Yield  (wt.  */©  of  benzene; 

) 

Initial  COj 
pressure  in 

atm 

Initj-ai 

in  atm 

Mean 

in  atm 

CgHgCOOH 

Liquid 

products 

1 

Benzo¬ 

phenone 

fraction 

Benzo¬ 

phenone 

26a 

40 

20 

40 

40 

78 

6.0 

16.3 

!  3.5 

3.0 

38 

73 

40 

95 

320 

620 

5.9 

24.2 

8.8 

7.8 

37 

75 

40 

100 

375 

900 

6.5 

23.1 

11.7 

8.4 

39 

73 

40 

490  j 

1300  ' 

7.5 

42 

77 

40 

90 

2000 

7.2 

23.9 

9.3 

8.2 

34 

90 

20 

63 

4.3 

6.7 

2.2 

1.9 

36 

90 

20 

94 

1270 

3.7 

6.6 

2.5 

2.1 

43 

75 

50 

80 

1550 

5.2 

32.3 

14.9 

13.2 

with  the  pcessure  than  does  trie  benzole  acid  yield.  We  do  not  yet  possess  sufficient  data  to  establish  whether 
benzophenone  fonr.atior?.  proceeds  through  benzoic  acid  as  intermediate  product  or  whether  it  Is  an  independent 
parallel  reaction.  It  is  m<»e  probable,  however,  that  the  formation  of  both  benzoic  acid  and  benzophenone 
occurs  at  the  jnstant  of  decomposition,  of  the  respective  complexes  or  chemical  compounds  formed  with  alumi¬ 
num  chloride.  It  is  r4itu.r%l  to  assr^me  that  the  formation  of  this  type  of  complex  (or  compound),  involving  not 
one  but  two  phenyl  radica.'s,  will  be  accompanied  by  a  large  contraction  in  volume,  and  this  would  also  result 
in  the  much  greater  increase  in  the  yield  of  benzophenone  with  rising  pressure  in  comparison  with  the  benzoic 
acid  yield. 

In  concliisicn  the  autfeoi.s  express  their  smeere  thanks  to  Dr.  L.  F.  Vereshchagin  for  his  valuable  advice 
in  the  completion  of  this  investigation. 

Mechanic  V.  A.  Kuznetsov  took  part  in  the  investigation. 

SUMMARY 

1.  An  investigation  nas  been  made  of  the  system  benzene-carbon  dioxide  at  super-high  pressures  (up  to 
9000  atm)  and  elevated  temperatures.  No  products  of  chemical  interaction  of  the  starting  components 
could  be  detected. 

2.  The  effect  of  pressures  up  to  2000  atm  on  the  reaction  of  benzene  with  carbon  dioxide  in  presence  of 
anhydrous  alumintiir,  chloride  was  examined.  Application  of  pressures  exceeding  70-80  atm  wae  found  to  lead 
to  an  insignificant  increase  in  the  benzoic  acid  yield.  The  benzophenone  yield  increases  markedly  with  rising 
pressure.  Increasing  AlClj  content  is  accompanied  by  a  considerable  increase  in  the  yield  of  benzophenone. 

It  was  confirmed  that  alom.mum  chloride  enters  into  chemical  Interaction  with  the  swrting  components, 
and  this  fact  indicates  the  possibility  of  performing  reactions  which  in  the  absence  of  AICI3  proceed  only  with 
negligible  yields  under  the  investigated  conditions  of  temperature  and  pressure. 
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PROPERTIES  OF  2-METH YL-4-PHENYL-2-PENTEN-4-OL  OXIDE 


V.  I.  Panse  vlch-Koly  ad  a  and  L.  I.  Timoshek 


For  the  preparation  of  2-*methyl-4-phenyl-2,3-pentadiene  we  selected  the  Grignard  reaction  between 
mesityl  oxide  and  phenyl  magnesium  bromide.  This  reaction  has  already  been  studied  twice.  ,  . 

Klages  [1]  showed  that  mesityl  oxide  reacts  normally  withC(H|MgBr;  however,  in  place  of  the  unsaturated 
tertiary  alcohol  he  obtained  the  product  of  its  dehydration,  2-methyl-4-phenyl-2,3-penta;diene.  Esafov  [2]  per¬ 
formed  this  reaction  under  very  drastic  conditions  when  the  unstable  reaction  products  undoubtedly  suffered 
modification,  and  he  obtained  neither  alcohol  nor  hydrocarbon;  he  also  drew  an  incorrect  conclusion  about  the 
course  of  the  reaction. 

Under  our  conditions  the  reaction  proceeded  normally  and  we  obtained  the  unsaturated  alcohol,  2- 
methyl-4-phenyl<^^nten-4'Ol: 

CHrC= CH-COH-CH, 

11  w 

CH,  ijH, 

in  yields  of  up  to  70°^  of  the  calculated  amount.  We  oxidized  this  alcohol  with  acetyl  hydroperoxide  with  the 
aim  of  studying  ihe  properties  of  the  alcohol-oxide: 

CHf-C-CH-CO»-CH, 

|V  C«H6  (II) 

CH, 

since  very  few  examples  of  such  compounds  are  known  and  their  properties  have  been  inadequately  studied. 

a-Oxides  are  known  to  be  characterized  by  addition  reactions  and  by  isomerization  due  to  the  cleavage 
of  the  oxide  tir%.  The  velocity  of  these  processes,  however,  varies  for  a-oxides  of  different  structures.  For 
example,  more  energetic  hydration  takes  place  in  the  case  of  a-oxides  whose  oxide  ring  includes  a  tertiary 
carbon  atom  [3],  while  isomerizations  to  the  corresponding  aldehydes  or  ketones  are  more  rapidly  performed 
with  a-oxides  to  whose  oxide  ring  a  phenyl  radical  is  attached  [4]. 

In  his  classic  investigations  of  a-oxides,  N.  A.  Prilezhaev  [5]  points  out  that  the  oxide  ring  of  alcohol- 
oxides  is  stabilized  by  the  hydroxyl  group  if  the  latter  is  in  the  a, 8 -position  to  the  oxide  ring.  Hydration  of 
the  geraniol  and  linalool  dioxides  prepared  by  him  only  proceeded  at  the  oxide  ring  remote  horn  the  hydroxyl 
group,  and  glyceryl  oxides  were  then  formed. 

It  must  be  pointed  out  that  N.  A.  Prilezhaev  also  drew  attention  to  a  completely  anonulous  example  — 
the  oxide  of  allyl  alcohol  [6]  which  it  readily  hydrated  to  a  glycerol.  He  explains  this  by  the  general  rule  of 
the  difference  between  the  first  member  of  a  series  and  its  homologs. 

In  the  present  communication  we  describe  an  a-oxide  which  contains  sharply  contrasting  functional 
groups.  The  oxide  ring  contains  a  tertiary  carbon  atom,  susceptible  to  hydration;  in  the  a, 0 -position  to  the 
oxide  ring  is  the  hydroxyl  group  which  inhibits  hydration;  finally,  the  molecule  of  the  alcohol-oxide  contains 
a  phenyl  radical  susceptible  to  the  isomeric  transformations  of  a-oxides.  Such  a  diversity  of  functional  groups 
in  the  alcohol-oxide  prepared  by  us  was  clearly  reflected  in  the  properties  of  the  a-oxide. 

2-Methyl -4^enyl-2-penten-4-ol  was  oxidized  with  69.9^  acetyl  hydroperoxide  in  absolute  ether.  From 
the  oxidation  products  was  separated  a  crystalline  substance  with  m.p.  55-56*  whose  analysis  confirmed  the  presence 
of  the  alcohol-oxide  (II).  This  compound  proved  to  be  extraordinarily  unstable  even  at  the  ordinary  temperature.  A 
portion  of  the  crystals  of  the  alcohol-oxide  was  placed  in  a  box  in  a  desiccator  over  sulfuric  acid  for  drying.  After 
7  days  the  whole  of  the  material  had  been  transformed  into  an  oily  liquid  with  the  odor  of  acetophenone,  which 
substance  was  also  identified  through  the  semicarbazone.  No  other  decomposition  product  could  be  identified. 
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Over  P|0|  and  CaClf  the  alcohol'oxide  likewise  broke  down  to  acetophenone  and  a  volatile  substance 
with  a  rather  Aarp  odor.  This  substance  was  apparently  isobutene  oxide,  for  the  breakdown  of  our  alcohol- 
oxide  may  be  represented,  by  analogy  with  the  known  cleavage  of  some  pinacones  [7],  by  the  following  scheme: 

O 

/\ 

II  - ^  CHrp-CH,  +  C«I%-CO-CH, . 

i 

CiH, 

With  the  aim  of  identifying  the  second  ivoduct  of  cleavage  of  the  alcohal*oxide,  we  heated  it  in  a 
Wurtz  flask.  Decomposition  commenced  at  200*  with  separatitm  of  a  readily  volatile  substance  with  an 
unpleasant  odor  of  rancid  fats.  The  fint  distillates  from  the  decomposition  products  gave  a  silver  mirror, 
a  semicarbazcme  with  m.p.  124-125*  and  a  crystalline  i^oduct  of  condensation  with  dimedon  melting  at 
151-152*.  The  analytical  data  for  these  crysuls  corresponded  to  the  product  of  condensation  of  dimedon 
with  isobutyraldehyde.  The  second  product  was  acetophenone.  This  confirmed  the  foregoing  scheme,  for 
the  isobutyraldehyde  in  the  present  case  was  undoubtedly  the  product  of  isomerization  of  2'4nethylpropene 
okide'when  heated. 


The  alcohol-oxide  also  fairly  rapidly  decomposed  at  room  temperature  when  placed  in  dilute  sulfuric 
acid.  This  was  evident  from  the  odor  of  the  isobutyraldehyde  formed.  A  second  product,  again,  was  aceto¬ 
phenone.  Formation  of  isobutyraldehyde  in  sulfuric  acid  solution  likewise  undoubtedly  ixoceeded  via  2-methyl- 
propene  oxide  and  a  series  of  intermediate  reactions  with  sulfuric  acid,  in  analogy  with  the  behavior  of  ethylene 
oxide  [8]. 

The  alcohol-oxide  also  decomposed  in  semlcarbazide  solution,  always  forming  acetophenone  semicarba- 
zone  but  no  isobutylraldehyde  semicarbazone.  The  absence  of  the  latter  is  in  accord  with  the  findings  of  K.  A. 
Krasusky  [9]  who  reported  that  2-methylpropene  oxide  does  not  isomerize  to  isobutyraldehyde  in  alkaline  and 
neutral  media. 

Oxidation  of  2-methyl-4-phcnyl-2-penten-4-ol  with  acetyl  hydroperoxide  gave,  in  addition  to  the  crystalline 
alcohol-oxide,  a  considerable  amount  of  liquid  product,  inrobably  the  acetate  of  the  trihydric  alcdiol, 

CHrCOH-CHOH-COH-CH, 

CH, 

We  did  not  succeed,  however,  in  isolating  the  pure  substance  since  on  vacuum  distillatimi  (4  mm)  it  broke  down 
to  acetc^henone. 

EXPERIMENTAL 

Preparation  of  2-methyl-4-phenyl-2-penten-4-ol  (I).  Unto  the  24  a  magnesium  in  ether  was 
slowly  poured  152  g  bromobenzene.  At  the  conclusion  of  the  reaction  the  mixture  was  heated  for  30  minutes, 
and  then,  with  ice-water  cooling,  100  g  mesityl  oxide  was  poured  in.  The  reaction  mixture  was  again  heated  on 
the  water  bath  for  30  minutes  and  left  until  the  next  day.  By  that  time  the  flask  contained  a  considerable  amount 
of  crystals  and  the  ethereal  solution  had  a  yellow-orange  color.  The  contents  of  the  flask  were  cooled  with  ice- 
water  and  decomposed,  first  with  a  large  amount  of  ice  and  then  with  dilute  (1:3)  sulfuric  acid.  The  ether  layer 
was  separated  and  the  aqueous  layer  subjected  to  two  ether  extractions.  After  drying  over  potassium  carbonate, 
the  ether  was  driven  off  and  the  substance  (222  g)  distilled  at  20  mm  to  give  the  following  fractions;  I)  63-107* 

(24  g);  H)  107-124*  (17  g);  III)  124-130*  (133  g);  IV)  130-140*  (19  g);  V)  residue  in  flask  (19  g). 

In  view  of  the  fact  that  distillation  at  130-140*  (20  nun)  was  accompanied  by  appreciable  decomposition 
of  the  substance  with  evolution  of  water,  a  second  distillation  of  the  third  fraction  was  effected  at  2  mm.  at 
which  pressure  the  subsunce  came  over  at  91-92*. 

ng  1.5292;  dj*  0.9777;  MRjj  55.53;  calculated  55.07. 

0.1901  g  substance;  0.5699  g  CO^;  0.1503  g  H|0.  0.1987  g  substance:  24.39  ml  (0*.  760  mm). 

0.1399,  0.2790  g  subsunce;  19.53  g  benzene;  At  0.220*,  0.442*.  Found  C  81.76;  H  8.84;  OH  9.37; 

M  167.3.  166.1.  Ci|H|«p.  Calculated  «lfc:  C  81.82;  H  9.09;  OH  9.66;  M  176. 

Oxidation  of  2-methyl-4-phenyl-2-penten*4-ol  with  acetyl  hydroperoxide.  60  g 
alcohol  in  100  ml  absolute  ether  was  oxidized  with  38  g  of  69.86^  acetyl  hydroperoxide.  Oxidation  proceeded 
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energetically  with  heat  development,  for  which  reason  the  hydroperoxide  was  added  in  small  portions  as  the  - 
reaction  progressed,  and  the  reaction  niixture  was  cooled  with  cold  water.  The  temperature  was  held  at 
20-25*.  At  the  end  of  one  hour  after  completion  of  the  addition,  the  reaction  mixture  contained  2.7  g 
unreacted  hydroperoxide,  and  this  amount  was  still  unchanged  on  the  following  day.  The  whole  piixture 
was  therefore  neutralized  with  IQPjo  sodium  carbonate,  and  then  with  dry  sodium  carbonate.  The  ether  solution 
was  dried  over  NajSQ^  and  filtered;  the  ether  was  partly  driven  off  and  the  residue  retained  for  crystallization, 
a  preliminary  experiment  having  indicated  the  presence  of  a  crystalline  substance.  After  4  days,  18.0  g 
white  acicular  crystals  with  the  odor  of  camphor  was  obtained.  The  substance  was  very  easily  soluble  in 
benzene,  chloroform,  carbon  tetrachloride,  methyl  alcohol,  ethyl  alcohol,  petroleum  ether  and  other  solvents. 

On  recrystallization  from  etnyi  alcohol  it  melted  at  55-56". 

0.1879  g,  0.1963  g  substance?  0.5177  g,  0.5388  g  COj;  0.1438  g,  0.1488  g  HfO.  0.1727  g  substance: 

19.35  ml  CH4(0*,  760  mm).  0,2095  g,  0.3781  g  substance;  22.59  g  benzene;  At  0.236*,  0.468®.  Founder 
C  75.09.  74.86;  H  8.56,  8.50;  OH  8.54;  M  181.2,  184.2.  CjaHttO,.  Calculated  «lo-  C  75.0;  H  8.33;  OH  8.85; 

M  192. 

Distillation  of  the  liquid  products  of  oxidation  (28.5  g)  at  4  mm  gave:  I)  72  -83*  (10.4  g),  1.5232; 

n)  83-106*  (2.0  g),  njU  1.5239;  El)  105-120"  (5.3  g),  1.5290;  IV)  resinous  residue  (10.8  g).  The  subsuncc 

in  tt»e  first  three  fractions  was  acetophenone.  At  the  ordinary  pressure  it  distilled  at  198-200*;  it  gave  a 
semicarbazone  with  m.p.  197-199°  which  did  not  depress  the  melting  point  of  acetophenone  semicar bazone. 

Cleavage  of  the  aic ohol -oxide  over  sulfuric  acid.  1.5  g  of  the  alcohol-oxide  was 
placed  in  a  desiccator  over  sulfuric  acid.  After  two  days  there  was  appreciable  formation  of  a  liquid  product 
with  the  odor  of  acetophenone,  and  after  7  days  no  crystals  of  the  oxide  remained.  The  liquid  product  boiled 
at  3  mm  pressure  at  61 83°  and  at  the  ordinary  pressure  at  290-202*. 

ng  1.5220;  dj®  1.0431;  MRp  35.5.  CgH^F  calculated  35.08. 

The  substance  gave  a  semicarbazone  with  m.p.  198-199°  which  did  not  depress  the  m.p.  of  authentic 
acetophenone  semicarbazone.  We  were  unable  to  Isolate  other  products  of  the  cleavage  of  the  alcohol -oxide, 
although  a  readily  volatile  subsunce  was  undoubtedly  present,  as  indicated  by  the  frothing  of  the  liquid  at  the 
start  of  distillation  in  vacuum. 

Cleavage  of  the  alcohol-oxide  over  CaClt  and  PiOg.  Two  loti  of  2.0  g  of  alcohol- 
oxide  crystals  were  placed  in  separate  desiccators  over  CaCls  and  P|0|  respectively.  After  a  week  both  lots 
of  crystals  had  been  converted  into  liquid,  and  after  10  days  they  had  completely  disappeared.  The  air  in 
the  desiccators  (containing  a  substance  with  a  fairly  sharp  odor)  was  sucked  through  solutions  of  semicaibazlde 
and  dimedon,  but  neither  a  semicarbazone  nor  a  dimedon  condensation  product  was  obtained.  The  liquid  which 
had  formed,  smelling  of  acetophenone,  distilled  at  199H201*  and  gave  a  semicarbazone  melting  at  189-200* 
which  did  not  depress  the  melting  point  of  authentic  acetophenone  semicarbazone. 

Cleavage  of  the  alcohol-oxide  by  heating.  2.0  g  of  crystals  of  alcohol -oxide  was 
heated  in  a  flask  over  a  bare  flame.  The  crystals  melted  and  then  cleavage  of  the  alcohol-oxide  took  place 
at  200*;  the  unpleasant  odor  of  rancid  fat  was  clearly  evident.  The  first  fractions  from  distillation  came  over 
at  70-100*  and  were  collected  in  semicarbazide  solution,  dimedon  and  ammoniacal  silver  oxide  solution.  With 
the  last-named  a  magnificent  silver  mirror  was  quickly  formed.  The  solution  of  semicarbazide  containing  the 
cleavage  product  was  heated  on  the  water  bath  for  about  an  hour,  giving  on  cooling  a  semicarbazone  melting 
at  124-125*,  which  agreed  with  the  literature  data  [10]  for  iiobutyialdehyde.  The  dimedon  solution  containing 
the  aldehyde  was  heated  for  3  hours  on  the  water  bath.  Snow-white  acicular  crystals  came  down  within  few 
hours  after  cooling,  and  these  melted  (after  rectystallization  from  ethyl  alcohol)  at  151-152*.  Since  the  litera¬ 
ture  does  not  mention  the  product  of  condensation  of  Iiobutyialdehyde  with  dimedon,  we  carried  out  its  analysis: 

0.1580  g  substance;  0.4141  g  CO,;  0.1260  g  H|0.  Found  C  71.48;  H  8.92.  C,,H«Q4.  Calculated 

C  71.85;  H  8.98. 

A  second  product  distilled  over  at  198-200*  and  when  collected  in  semicarbazide  solution  it  gave  a  semi¬ 
carbazone  melting  at  199-200*.  It  did  not  depress  the  melting  point  of  authentic  acetophenone  semicarbazone. 

Cleavage  of  the  alcohol-oxide  In  sulfuric  acid  solution.  10  ml  of  0.1  N  sulfuric 
acid  was  poured  into  1.6  g  of  the  alcohol -oxide.  In  15-20  minutes  the  odor  of  isobutyraldehyde  was  noticed  and 
the  crystals  had  been  replaced  by  liquid.  On  the  following  day  there  was  no  trace  of  crystals.  At  the  bottom 
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of  the  testHube  was  a  layer  of  oily  substance  with  the  od>r  of  acetophenone,  and  a  strong  smell  of  rancid  fat  came 
from  the  test-tube.  With  semicarbazide  the  substance  of  the  bottom  layer  gave  a  semicarbazone  with  m.p. 
197-199* **;  it  did  not  depress  the  m.p.  of  acetophenone  semicarbazone.  The  second  cleavage  product,  with  the 
odor  of  isobutyraldehyde,  was  distilled  into  an  alcoholic  solution  of  dimedon.  Heating  for  two  hours,  followed 
by  cooling  resulted  in  separation  of  snow-white  acicular  crystals  which  melted  at  150.5-151*.  No  melting  point 
depression  occurred  after  mixing  these  crystals  with  those  obtained  by  condensing  dimedon  with  the  product  of 
cleavage  of  the  alcohol-oxide  by  heating. 

SUMMARY 

1.  Synthesis  was  effected  from  phenyl  magnesium  bromide  and  mesityl  oxide  of  the  unsaturated  alcohol 
2-methyl-4i)henyl-B^nten-4-ol>in  75^  yield. 

2.  Oxidation  of  2-methyl-4-phenyl-2-penten-4-ol  with  acetyl  hydroperoxide  gave  its  oxide. 

3.  It  was  established  that  the  oxide  of  2-methyl-4^henyl-2^nten-4-ol  is  extremely  unstable.  In  a 
desiccator  over  H1SO4,  CaCl|  and  P1O5,  also  on  heating  and  in  sulfuric  acid  solution,  it  splits  up  into  aceto¬ 
phenone  and  2-methylpropene  oxide. 
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SYNTHESIS  OF  METHYL  p-TOLYLETHINYL  CARBINOL  AND  ITS  DERIVATIVES 
A.  I.  Lebedeva  and  T.  A.  Mishnina 


Propargyl  alcohol,  first  ixepared  in  1872  [1],  is  the  simplest  representative  of  the  homologous  series  of 
monohydric  acetylenic  alcohols.  Other  representatives  of  the  series  have  been  synthesized  by  very  different 
methods.  Tertiary  acetylenic  alcohols  can  be  prepared  in  good  yield  by  A.  E.  Favorsky's  method  [2]  of  con¬ 
densation  of  various  ketones  with  acetylene  in  presence  of  powdered  potassium  hydroxide.  Relatively  little 
attention  has  so  far  been  given,  however,  to  the  reaction  of  acetylene  with  alkaryl  ketones.  We  know  that 
acetophenone  does  not  react  with  acetylene  in  presence  of  powdered  potassium  hydroxide  [3].  It  was  possible, 
however,  to  obtain  2^  of  methylphenylethinyl  carbinol  from  acetophenone  and  acetylene  in  presence  of 
sodium  amide  [4].  This  yield  could  be  increased  to  7<^  by  reacting  acetophenone  with  sodium  acetylide  in 
liquid  ammonia  [5]. 

We  decided  to  investigate  the  condensation  of  methyl^olyl  ketone  with  acetylene  in  presence  of 
potassium  hydroxide  powder  and  to  examine  the  influence  of  the  p-tolyl  radical  on  the  velocity  of  this 
reaction.  Preliminary  experiments  showed  that  methyl-pHolyl  ketone  is  m<»e  reactive  than  acetophenone 
when  the  reaction  with  acetylene  is  performed  under  the  usual  conditions.  The  main  reaction  product  was 
dl^‘tolyl-2,54iexyne-3*diol-2,S  (II), in  the  form  of  three  isomers  with  different  melting  points,  together 
with  a  small  amount  of  methyl  p-tolyl-ethinyl  carbinol  (I)  in  admixture  with  the  original  ketone  [6].  In  this 
investigation  we  succeeded  in  raising  the  yield  of  methyl  p-tolylethinyl  carbinol  to  50^  by  adopting  the 
procedure  of  I.  A.  Favorskaya  and  L.  V.  Fedorova  [7]  of  greatly  increasing  the  dilution  of  the  ketone  with 
the  solvent  and  decreasing  the  rate  of  its  addition  to  the  reaction  mass.  In  this  manner  inore  favorable  condi¬ 
tions  were  created  for  the  formation  of  the  acetylenic  alcohol.  But  notwithstanding  the  great  dilution  and 
the  rapid  flow  of  acetylene,  the  product  of  the  reaction  always  consisted  of  a  mixture  of  methyl'  p-tolyl- 
ethinyl  carbinol  (I),  methyl  p-tolyl  ketone  and  dimethyl  di-p-tolylbutyne  diol  (II): 

CH,  CHj 

n-CHjC,H^OCH,  +  HC=  CH - >  n-CH^e^TCOH-CsCH  +  n-CH^*H^COH-C  =0— COH- 

-C«Ii4CH5-n. 

The  mixture  of  products  was  subjected  to  distillation  under  reduced  pressure  when  a  liquid  came  over 
consisting  of  starting  ketone  and  the  acetylenic  alcohol.  The  higher  boiling  fraction  isolated  by  fractional 
distillation  was  treated  with  a  solution  of  semicarbazide  acetate  (for  removal  of  traces  of  the  initial  ketone) 
and  then  left  in  the  cold  for  a  long  period  when  very  large  regular  crystals  came  down.  These  melted,  after 
purification,  at  34-35*.  The  aqueous  alcoholic  solution  of  the  crystals  was  decolorized  with  aqueous  perman¬ 
ganate  and  gave  a  white  precipitate  with  ammoniacal  silver  oxide  solution.  Results  of  carbon  and  hydrogen 
determinations,  of  molecular  weight  and  molar  refraction  determinations  (the  latter  in  supercooled  solution), 
and  of  the  determination  of  the  percent  content  of  active  hydrogen  (Terentiev-Shcherbakova  method)  showed 
that  we  had  actually  obtained  the  acetylenic  alcohol,  methyl  p-tolylethinyl  carbinol.  A  weighed  sample  of 
the  substance  was  hydrogenated  in  presence  of  platinum,  when  addition  occurred  of  102  of  hydrogen  (on 
the  theoretically  calculated  amount)  Hydrogenation  yielded  a  saturated  alcohol,  methylethyl  p-tolyl  carbinol, 
boiling  at  99-100*  (5  mm).  Its  principal  constants  were  determined.  For  comparison  the  synthesis  was  then 
effected  of  authentic  methylethyl  p-tolyl  carbinol  from  p-bromotoluene  and  methylethyl  ketone.  From  methyl 
p-tolylethinyl  carbinol  (I)  was  obtained,  by  the  method  of  Zalkind  and  Aizikovich  [8]  the  corresponding  dia- 
cetylenic  glycol,  di-p-tolyl-2,7'Octadiyne-3,5-diol-2,7  (III).  Formation  of  the  glycol  was  only  observed,  how- 
’ever,  after  passage  of  ah^ oxygen  stream  and  after  a  few  hours  had  elapsed  following  the  addition  of  the 
methyl  p-tolylethinyl  carbinol.  On  driving  off  the  ether,  a  crystalline  mass  remained  which  could  be  separated 
into  two  isomers:  the  first  in  the  form  of  lustrous  platelets  which  turned  dull  on  standing  and  melted  at  129-130*,' 
the  second  in  the  form  of  needlets  melting  at  136-137*.  The  aqueous  alcoholic  solutions  of  both  isomers  were 
decolorized  with  aqueous  permanganate.  Each  of  the  isomers  was  analyzed  for  content  of  carbon,  hydrogen  and 
active  carbon.  The  results  conformed  to  di-p-tolyl-2,7-octadiyne^,5-diol-2,7  (III),  which  was  obtained  in  about 
82^  yield! 
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Catalytic  hydrogenation  of  the  first  isomer  in  presence  of  platinum  resulted  in  the  addition  of  IQO.d’Jo 
hydrogen  with  formation  of  a  saturated  glycol  in  the  form  of  snow-white  flakes  with  a  pearly  irridescence, 
melting  at  77-78“.  The  analysis  corresponded  to  di^-tolyl-2,7-octanediol,2-7.  Catalytic  hydrogenation  of 
the  second  isomer  of  di-p-tolyl-2,7-octadiyne-3,5-diol-2,7  in  presence  of  platinum  resulted  in  addition  of 
hydrogen  with  formation  of  a  white,  finely  crystalline  powder  with  m.p.  114.5-115.5“,  Analysis  of 
this  saturated  glycol  showed  it  to  correspond  to  another  isomer  of  di-i)-tolyl-2,7-octanediol-2,7. 


It  is  known  from  the  literature  that  the  melting  points  of  tertiary  acetylenic  alcohols  and  the  corresponding 
starting  ketones  are  nearly  always  close  to  one  another.  This  is  clearly  illustrated  by  the  table  following.  On  the 
basis  of  these  data  it  was  possible  to  predict  that  the  acetylenic  alcohol  obtained  from  methyl  p-tolyl  ketone  (m.p. 

28“)  would  have  a  low  m.p. 


Starting  ketones 

M.p. 

Literature 

Acetylenic  alcohols 

M.p. 

Literature 

Acetophenone 

20.5“ 

[9] 

Methylphenylethinyl 

49“ 

[10] 

carbinol 

Benzophenone 

49 

[9] 

Diphenylethinyl 

carbinol 

44.5 

[10] 

Methyl  pHolyl  ketone 

28 

[9] 

Methyl  p-tolylethinyl 

34-35 

[4.11] 

carbinol 

Di^-tolyl  ketone 

90-95 

[7] 

Di-i)Holylethinyl 

86-87 

[7] 

carbinol 

close  to  room  temperature, 
and  to  infer  that  the  m.p. of 
120-121“  given  by  Iremadze[12] 
for  •  methyl  p-tolylethinyl 
carbinol  was  extremely 
dubious.  From  our  own 
results  it  is  seen  that 
Iremadze  did  not  obtain 
methyl  p-tolylethinyl 
carbinol  when  he  reacted 
methyl  p-tolyl  ketone 
with  acetylene,  but  a 

mixture  of  the  isomers  of  di-p-tolyl-2,5-hexyne-3-diol-2,5  with  which  all  the  subsequent  investigation  was  performed. 


EXPERIMENTAL 

Preparation  of  methyl  p-tolyldiethinyl  carbinol,  Into  a  three-necked  flask  fitted  with  a  powerful  propeller- 
type  stiner  were  introduced  250  g  potassium  hydroxide  powder  and  300  ml  absolute  ether.  While  a  continuous 
stream  of  acetylene  was  passed  in  under  external  cooling  with  ice-water,  addition  was  made  to  the  reaction  mass 
of  40  g  methyl  p-tolyl  ketone  in  600  ml  absolute  ether.  The  methyl  p-tolyl  ketone  was  prepared  from  methyl  p- 
tolyl  carbinol  through  p-toluidine  and  p-bromotoluene.  The  boiling  point  of  the  ketone  (9  mm)  was  94-95“.  The 
ketone  was  added  over  a  period  of  10  hours.  The  reaction  mass  was  left  overnight  and  then  decomposed  with  iced 
water.  The  separated,  ether  layer  was  saturated  with  carbon  dioxide  and  dried  with  sodium  sulfate;  the  ether  was 
then  evaporated. 

The  residue  was  distilled  in  vacuum.  Fraction  I  (12.0  g)  boiled  at  92“  (7  mm),  and  at  96“  (3  mm); 
fraction  II  (34.7  g)  at  97“  (3  mm);  the  residue  in  the  flask  (4.2  g)  crystallized. 

The  aqueous  alcoholic  solution  of  the  second  fraction  gave  a  precipitate  with  ammoniacal  silver  oxide 
solution  and  with  aqueous  permanganate  solution.  The  liquid  gave  a  precipitate  with  an  acetic  acid  solution  of 
semicarbazide.  In  order  to  remove  traces  of  the  original  methyl  p-tolyl  ketone,  the  whole  of  the  liquid  product 
was  treated  with  an  acetic  acid  solution  of  semicarbazide,  and  the  semicarbazone  precipitate  was  filtered  and 
recrysullized  from  alcohol.  Its  m.p.  of  202-203“  corresponded  to  that  of  methyl  p-tolyl  ketone  semicarbazone. 

The  filtrate  was  extracted  with  ether,  and  the  ether  extract  washed  with  soda  solution  and  dried  with  sodium  sulfate. 
Removal  of  the  ether  left  22.7  g  methyl  p-tolylethinyi  carbinol  boilii^  at  103.5“  (5  mm)  and  crystallizing  on 
standing  in  the  cold.  The  crystals  melted  at  34-35“  (from  petroleum  ether  with  b.p.  40-80“),  The  crystals  were 
1-2  cm  in  length.  The  yield  of  acetylenic  alcohol  (allowing  for  the  unreacted  ketone)  was  69.0‘54»  of  theory. 

dj*  *  1.0066;  dj*  1.0088;  nj®’*  1.52832;  n^-®  1.54271;  n*^  1.5310;  MR^  49.03;  MRg  50.14;  MRp  49.13. 
CuHuCf  jp.  Calculated  MR^  48.55;  MRg  49.71r  MRq  48.92. 

0.1152  g  substance:  0.3488  g  CO,;  0.0794  g  H,0.  0.1110  g  substance:  0.3360  g  COj;  0.0770  g  H,0. 

0.0945  g  substance;  18.00  g  benzene:  At  0.174“.  0.2288  g  substance:  18.00  g  benzene:  At  0.422“.  0.1346  g 
subsunce:  20.7  ml  CH4  (20“,  763.1  mm).  0,1273  g  substance;  18.4  ml  CH4  (20“,  763.1  mm).  Found  <5^; 

C  82.57,  82.55;  H  7.71,  7.76;  M  156.3,  156.0;  active  H-atoms  1.006,  1.008.  CuHuOH.  Calculated  %•  C  82.46; 
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H  7.51;  M  160.2;  active  H-atoms  1.000. 

^ulytic  hydrogenation  of  methyl  p-tolylethinyl  carbinol.  5.00  g  substance:  0.5  g  Pt,  60  ml  alcohol. 
Hydrogenation  was  performed  for  1  hour  20  minutes. 

Addition  took  place  of  1425  ml  H|.(0*,  760  mm)  equivalent  to  101.9%.  CuHijO.  Calculated  1398.2  ml  Hj. 

After  distilling  off  the  alcohol  there  remained  4.1  g  liquid  boiling  at  99>100*  (5  mm)  which  did  not  form  a 
precipitate  with  ammoniacal  silver  oxide  solution  and  did  not  decolorize  permanganate. 

n”  1.5158;  dj®  0.9691;  MRq  51.16.  CyHieOF,.  MRjj  60.92. 

0.0941  g  substance;  0.2783  g  CO,;  0.0814  gH,0.  0.1069  g  substance:  0.3157  g  CO^;  0.0932  g  H,0. 

0.1800  g  substance:  27.8  ml  (23.5*,  765  mm).  0.1318  g  substance;  20.6  ml  CH4  (23.5*,  765  mm). 

Found  %:  C  80.65,  80.54;  H  9.68,  9.76;  active  H-«toms  1.019,  1.032.  CuH^OH.  Calculated  %;  C  80.45; 

H  9.82;  active  H-atoms  1.000. 

Preparation  of  methylethyl  p-tolyl  carbinol.  Methylethyl  p-tolyl  carbinol  was  prepared  for  comparison  pur¬ 
poses  from  methylethyl  ketone  and  p-luromotoluene.  To  7.6  g  Mg  was  added  53.5  g  p-l»omotoluene  in  150  ml  ether, 
and  then  22.3  g  methylethyl  ketone  in  50  ml  ether.  Removal  of  the  ether  left  a  residue  of  liquid  boilii%  at  93-93.5* 
(3  mm). 

n*j5  1.5174;  dJ®  0.9726;  MRq  51.11.  CaHj^Op,.  Calculated  MRp  50.92. 

0.1629  g  substance:  0.4792  g  CO^;  0.1416  g  1^0.  0.1092  g  substance:  0.3219  g  CO^;  0.0960  g  H,0. 

0.1639  g  substance:  25.7  ml  CH,  (17*,  760.6  mm),  0.1240  g  substance:  20.0  ml  CH,  (17.5*,  760.6  mm). 

Found  %;  C  80.23,  80.15;  H  9.72,  9.84;  H-atoms  1.075,  1.102.  CijHuOH. 

Calculated  %:  C  80.45;  H  9.82;  active  H-atoms  1.000. 

Analysis  of  di-p-tolyl-2 , 5  -hexyne-3  -diol-2,5.  The  solid  residue  after  distillation  of  the  methyl  p-tolyl 
ketone  and  the  methyl  p-tolylethinyl  carbinol  amounted  to  4.2  g  and  was  recrystallized  from  benzene;  it  then  mel¬ 
ted  at  121-123*  and  did  not  depress  the  melting  point  of  a  previously  prepared  and  characterized  mixture  of  the  iso¬ 
mers  of  di-p-tolyl-2,5-hexyne-3 -diol-2,5  [6]. 

0.1077  g  substance:  18.3  ml  CH,  (18*,  749.6  mm).  0.1045  g  substance;  18.1  ml  CH^flS*,  749.6  mm). 

Found:  active  H-atoms  2.024,  2.067.  C,oH„(OH),.  Calculated:  active  H-atoms  2.000. 

Preparation  of  di-p-tolyl-g,7-octadiyne-3,5-<iiol-g,7.  40  g  Cu,Cl,  was  mixed  with  100  g  NH4CI  and  to  the 
mixture  was  added  400  ml  water,  1.5  ml  HCl  and  10  g  methyl  p-tolylethinyl  carbinol  in  100  ml  alcohol.  The  mix¬ 
ture  was  stirred  in  the  course  of  10  hours  with  continuous  passage  of  a  stream  of  oxygen  (with  a  stream  of  air  the 
diacetylenic  glycol  was  formed  only  after  several  days).  At  the  end  of  the  day  a  white,  clotted  solid  had  formed  at 
the  surface  of  the  mixture  and  was  extracted  with  ether.  The  extract  was  dried  over  calcined  potassium  carbonate. 
The  residue  (after  driving  off  the  ether)  was  a  syrupy  liquid  which  crystallized  on  standing.  After  drying  in  the  vac¬ 
uum  desiccator,  the  crystals  melted  at  106-111*.  The  amount  was  8.1  g  (81.5%  of  the  thecHetical  yield).  Repeated 
recrystallizations  from  benzene  and  from  a  mixture  of  benzene  and  petroleum  ether  (b.p.  40-75*)  yielded  two  frac¬ 
tions  of  crystals:  I)  m.p.  129-130*,  in  the  form  of  small  scales;  11)  m.p.  136-137*,  in  the  fotm  of  needlets. 

Neither  fraction  gave  a  precipitate  with  ammoniacal  silver  oxide  solution  or  decolorized  an  aqueous  alco¬ 
holic  solution  of  permanganate. 

Analysis  of  the  diacetylenic  glycol  with  m.p.  129-130*  (from  benzene); 

0.1075  g  substance:  0.3282  g  CO,;  0.0679  gl%0.  0.1105  g  substance:  0.3372  g  CO^;  0.0702  g  H,0. 

0.2857  g  substance;  15.00  g  dioxane:  At  0.275*.  0.4104  g  substance:  15.00  g  dioxane:  At  0.410*. 

0.0819  g  substance;  12.4  ml  CH4  (20*,  763.1  mm).  0.0796  g  subsunce:  12.2  ml  CH4  (20*,  763.1  mm). 

Found  %:  C  83.26,  83.22;  H  7.07,  7.11;  M  325.5,  313.6;  active  H-atoms  1.995,  2.019.  C„H,,(OH),. 

Calculated  %;  C  83.05;  H  6.96;  M  318.4;  active  H-atoms  2.000. 

Catalytic  hydrogenation  of  ditolyloctadiynediol  with  m.p.  129-130*.  3.00  g  substance:  1.4  g  Pt,  70  ml  alco¬ 
hol.  Duration  of  hydrogenation  2  hours  35  minutes.  Addition  occurred  of  850.9  ml  H,  (0*,  760  mm),  100.6%. 
C»,H„0|.  Calculated  846  ml  1^. 

Removal  of  the  alcohol  left  2.9  g  of  a  transparent  viscous  mass  which  crystallized  in  the  course  of  three  days. 
After  two  recrystallizations  from  petroleum  ether  (boiling  range  40-75*)  with  a  few  drops  of  benzene,  separation  took 
place  of  crystals  in  die  form  of  nacreous  surlets  with  m.p.  77-78*.  The  obtained  glycol  did  not  decolorize  an  alco-  - 
holic  solution  of  permanganate.  A  mixed  sample  with  the  original  glycol  melted  at  107-122*. 
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0.1278  g  substance:  0.3809  gCOj;  0.1068  g  H^O.  0.1256  g  substance:  0.3740  g  COj;  0.1059  g  H,0. 

0.1017  g  subsunce;  14.8  ml  CM4  (2i\  762.1  mm).  0.1109  g  substance:  15.6  ml  CH4  (21*,  760.1  mm).  Found  <70: 

C  81.28,  81.21;  H  9.35,  9.43;  active  H-atoms  1.862,  1.856,  CaH2|(OH)2.  Calculated  %:  C  80.94;  H  9.26; 
active  H-atoms  2.000. 

Analysis  of  the  diacetylenic  glycol  with  m.p.  136-137*  (from  benzene-petroleum  ether  mixture). 

0.1010  g  substance:  0.3066  g  CO|;  0.0630  g  HjO.  0.1079  g  substance:  0.3280  g  CO^;  0.0681  g  HjO. 

0.0735  g  substance;  11.0  ml  CH4(20*,  763.1  mm).  Found  *5!):  C  82.79,  82.90;  H  6.98,  7.06.  Found:  number 
of  active  H  atoms  2.000. 

Catalytic  hydrogenation  of  ditolyloctadiynedM  with  m.p.  136-137*,  0.70  g  substance;  0.3  g  Ft;  35  ml 
alcohol.  Hydrogenation  period  1  h.r.5  min.  Addition  of  202.6  ml  Hj  (0",  760  mm),  100.3^,  Calculated 

197.0  ml  H,. 

Removal  of  the  alcohol  left  0.7  g  crude  crystals.  RecrystalD^ation  from  a  mixture  of  benzene  and  petrol¬ 
eum  ether  gave  a  white,  powdery  crystalline  m.ass  with  m.p.  114.5-115.5“.  A  mixture  with  the  original  diacety¬ 
lenic  glycol  melted  at  100-105*;  a  mixture  with  the  saturated  glycol  obtained  from  the  first  fraction  melted  at 
70-100*. 

0.1031  g  substance:  0.3065  g  COj;  0.0855  g  HgO.  0.0984  g  substance;  15.6  ml  CH4  (23.5*,  765.3  mm). 

Found  C  81.08;  H  9.28;  number  of  active  H  atoms  2.081.  C22H2g(OH)j.  Calculated  <7o:  C  80.94;  H  9.26; 
number  of  active  H  atoms  2.000. 

SUMMARY 

1.  Methyl  p-toiyl  ketone  reacts  with  acetylene  under  Favorsky's  reaction  condition  to  give  the  tertiary 
acetylenic  alcohol,  methyl  p-tolylethinyl  carbinol,  and  the  acetylenic  glycol,  symm.  dimethyl  di-p-tolylbutyhe- 
diol. 

The  yields  of  alcohol  and  glycol  vary  with  the  reaction  conditions,  in  particular  the  dilution  and  rate  of 
addition  of  the  methyl  p-tolyl  ketone. 

2.  Catalytic  hydrogenation  of  methyl  p  tolylethinyl  carbinol  in  presence  of  platinum  gave  the  saturated 
alcohol,  methylethyl  p-tolyl  carbinol,  which  was  characterized. 

3.  Methyl  p-tolylethinyl  carbinol  can  be  converted  by  the  method  of  Yu.  S.  Zalkind  and  M.  A.  Aizikovich 
into  the  diacetylenic  glycol,  di-i)-tolyl-2,7-octadiyne“8,5“diol-2,5.  Two  forms  of  this  glycol  were  isolated. 

4.  Catalytic  hydrogenation  of  di^-tolyl-2,7-octadiyne-3,5"diol-2,7  in  presence  of  platinum  gave  two  forms 
of  the  saturated  glycol,  di-p-tolyl-2,7-octadiol“2,7,  which  were  characterized. 
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ADDITION  OF  HYDROGEN  TO  ACETYLENE  DERIVATIVES 


INVESTIGATION  OF  THE  VELOCITY  OF  HYDROGENATION  OF  1.4-BUTYNEDIOL  AND  ITS  ACETATE 
I.  M.  GverdtsLteli  and  Sh.  G.  Mlkadze 


The  catalytic  hydrogenation  of  y*acetylenic  glycols,  both  ditertiary  and  disecondary,  has  been  studied 
with  reference  to  many  substances  by  Yu.  S.  Zalkind  and  his  pupils  [1]  .  They  showed  that  the  velocity  of 
hydrogenation  of  y  -acetylenic  glycols  in  presenceof  colloidal  palladiiun  sharply  slows  down  after  addition  of 
two  atoms  of  hydrogen.  This  effect  becomes  increasingly  marked  with  increasing  radical  length  and  molecular 
volume.  In  presence  of  platinum  the  velocity  of  hydrogenation  falls  off  steadily  without  any  discontinuity  in 
the  curve.  Yu.  S.  Zalkind  explained  [2]  the  alurupt  slowing-down  of  the  reaction  in  the  first  case  by  closure 
of  the  ring  by  the  hydrogen  bond  After  formation  of  the  double  bond,  a  ring  is  fcxmed  at  the  expense  of  the 
hydrogen  of  the  hydroxyl  groups  which  hinders  access  of  the  hydrogen  atoms  to  the  double  bond. 

The  objective  of  the  present  investigation  was  the'  study  of  the  velocity  of  hydrogenation  of  a  substance 
in  which  no  effect  would  be  exercised  by  radicals,  i.e.  one  in  which  steric  hindrance  would  be  excluded  during 
the  reaction.  For  this  purpose  we  chose  1,4-butynediol  and  its  aceute.  This  glycol  has  already  [3]  been  hydro¬ 
genated  both  with  platinum  and  palladium,  but  the  authors  were  not  interested  in  the  velocity  of  hydrogen 
addition.  According  to  the  literature  data,  the  hydrogenation  of  1,4-butynediol  proceeds  more  energetically 
when  using  palladium  as  catalyst  (and  ether  as  solvent)  than  when  using  platinum,  and  in  the  further  course 
of  hydrogenation  the  hydroxyl  groups  of  the  glycol  are  substituted  by  hydrogen  with  formation  of  a  hydro¬ 
carbon.  We  have  confirmed  this  process. 

The  experiments  here  performed  have  shown  that  the  behavior  of  1,4-butynediol  is  quite  different  &om  that 
of  diseccmdary  and  ditertiary  y-acetylenic  glycols.  Firstly,  it  is  hydrogenated  very  slowly  (Table  1),*  secondly, 
in  presence  of  colloidal  palladium,  after  addition  of  two  hydrogen  atoms  there  is  no  discontinuity  in  the  rate  of 
addition. 

TABLE  1 


Formula  of  the  y -glycols 

1  Amount 

Reaction 

Amount  of 

Period  of  addition 

of  palla¬ 
dium 
caulyst 
(in  mg) 

of  solvent 
(in  ml) 

i 

i 

1 

temp. 

glycol 
(in  mole  ] 

of  hydrogen  (in 
minutes) 

CH,OH-C  ^-C  H*OH 

10 

50 

20* 

0.01 

45 

CHj-CHOH-C=C-CHOH-CH, 

5 

50 

24 

0.01 

6 

C^IVCHOH-C  =  C-CHOH-C^ 

5 

50 

16 

0.01 

5 

(CH3),C0H-C = G-COH(C  H,), 

5 

50 

18 

0.01 

10 

(C,H5),C0H-C = C-C0H(C,H5), 

CH,-CH,  /:HrCH, 

1  ^OH-C=C-qpH  1 

CH*-CHi  ^CHf-CH, 

5 

50 

19 

0.01 

145 

(78.4<^) 

5 

50 

20 

0.001 

7 

Regarding  1,4-butynediol  acetate,  the  velocity  of  hydrogenation  is  here  greater  than  for  butynediol 
(Table  2);  here  also  a  discontinuity  does  not  arise  after  addition  df  one  molecule  of  hydrogen. 


The  results  demonstrate  that  in  the  diprimary  glycols,  ring-closure  by  the  hydrogen  bond  is  excluded 
and  the  triple  bond  is  more  stable  (due  to  the  influence  of  the  charged  protons). 
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TABLE  2 


Acetates  of  y -acetylenic  glycols 

Amount  1 

Reaction 

Amount  of 

Period  of 

of  palla¬ 
dium 
catalyst 
(in  mg) 

of  solvent 
(in  ml) 

temp. 

ester  (in 
'  mole) 

addition  of 
hydrogen 
(in  min.) 

CHjCOOCHj-C=C-CH,OOCCH5 

5 

50 

26* 

0.01 

18 

CH,-C  H— C=C-C  H-CH, 

dcocH,  (icocH, 

10 

50 

14 

0.01 

5.5 

CH,-c,HfC  »-c  =c-c  h-c,H4-ch, 

OCOCH,  (icocH, 

5 

50 

16 

0.01 

4  min. 46  s^ 

CHrCH, 

1  c=c-c  1 

CHrci^  '  1  |\:h,-ch, 

OCOCH,  OCOCH, 

5 

50 

18 

0,01 

9 

Comparison  of  the  rate  of  addition  of  hydrogen  to  1,4-butynediol  acetate  with  the  rate  of  addition  to 
other  acetates  of  y -acetylenic  glycols  shows  that  1,4-butynediol  acetate  adds  on  hydrogen  much  more  slowly 
(Table  2). 


EXPERIMENTAL 

Synthesis  of  butynediol  acetate.  A  mixture  of  10  g  butynediol  (m.p.  58*),  30  ml  acetic  anhydride  and  1  g 
calcined  sodium  acetate  was  heated  with  constant  stirring  on  the  water  bath  at  98*  for  13  hours.  On  pouring  the 
reaction  mass  into  water,  an  oily,  brown-colored  liquid  was  obtained  which  was  washed  with  sodium  bicarbonate 
solution  and  with  water  and  then  extracted  with  ether.  After  the  ether  had  been  evaporated,  the  substance  distilled 
at  130-130.5*  (14  mm)  and  consisted  of  a  glyceroWike,  colorless  liquid.  This  crystallized  on  standing  and  formed 
transparent  platelets  with  m.p.  31-32*.  Yield  12  g  or  42.4<7o  of  theory. 

d|J  1.1265;  ng  1.4547;  MRp  40.92;  calculated  40.45. 

12.02  mg  substance:  24.79  mg  COy  6.74  mg  1^0.  14.41  mg  substance:  28  85  mg  CO^f-  7.71  mg  1^0. 

0.0904  g  substance;  17.19  g  benzene:  At  0.155*.  0.019  g  substance;  0.2344  g  camphor:  At  19.5*. 

Found  C  56.29,  56.48;  H  6.27,  6.18;  M  164,  173.2.  CjHuQ*.  Calculated  ‘jb:  C  56.47;  H  5.88; 

M  170. 


Catalytic  hydrogenation  of  1,4-butynediol.  Butynediol  (m.p.  58")  which  had  been  recrystallized 
from  ether  was  hydrogenated  in  presence  of  colloidal  palladium  on  wheat  starch.  The  activity  af  the  palladium 
was  tested  on  tetramethylbutynediol  which  in  presence  of  5  mg  of  the  palladium  added  on  2  atoms  of  hydrogen 
in  the  course  of  12  minutes.  Hydrogenation  was  also  carried  out  with  platinum  black;  ethyl  alcohol  was  used  as 
solvent.  In  Table  3  are  set  out  the  results  of  three  experiments  on  glycol  hydrogenation  with  5,  10  and  20  mg 
palladium.  The  experiments  were  performed  at  22*,  using  50  ml  of  solvent  (ethyl  alcohol);  in  all  of  the 
experiments  1%  =  256  ml  (quantity  of  hydrogen  in  milliliters  required  for  conversion  of  an  acetylenic  glycol 
into  an  olefinic  glycol);  t  =  duration  of  experiment  (in  minutes). 


As  we  see  from 
Table  3,  hydrogenation 
with  palladium  proceeds 
slowly  and  uniformly 
without  any  discontinuity 
On  interrupting  the  hydro 
genation  reaction  in 
presence  of  palladium 
after  combination  of 


two  hydrogen  atoms,  an  olefinic  glycol  is  obtained  in  the  form  of  a  liquid  boiling  at  144-146*  (21  mm); 

1.4700;  d|§  1.0876;  MRjq  23.26;  calculated  23.25.  The  coiutanis  agree  with  the  literature  data. 

Hydrogenation  with  platinum  black  (Table  4)  also  i^oceeds  without  a  discontinuity;  after  addition  of 
two  hydrogen  atoms  (necessary  to  convert  the  triple  bond  into  a  double  one)  hydrogenation  proceeded  further 
at  the  expense  of  substitution  of  the  hydroxyl  groups.' 

Catalytic  hydrogenation  of  1,4- 
bwQTiediol  aceute  in  presence  of  colloidal 
palladium.  Hydrogenation  of  the  acetate 
(b.p.  130-131.5*  at  14  mm)  was  effected 
under  the  same  conditions  as  for  1,4-buty- 
nediol;  the  catalyst  was  from  the  same 
preparation.  Table  5  gives  the  data  for 
experiments  with  5  and  10  mg  of  palla¬ 
dium.  Temperature  26*;  50  ml  ethyl 
alcohol  for  each  experiment;  H*  =  262  ml 
(amount  of  hydrogen  needed  for  conversion 
of  the  triple  bond  into  the  double  one). 

TABLE  5  It  is  clear  from  Table  5  that 

hydrogenation  proceeds  uniformly 
without  a  discontinuity,  and  after 
addition  of  two  molecules  of  hydrogen 
the  reaction  proceeds  further,  in  all 
probability  at  the  expense  of  reduction 
of  the  ester. 

1,4-Butynediol  acetate  was  also  hydrogenated  in  presence  of  platinum  black. 

Table  6  indicates  that  under  the  same  conditions  butynediol 
acetate  is  hydrogenated  uniformly  without  any  discontinuity  and  more 
rapidly  than  butynediol. 

After  addition  of  two  atoms  of  hydrogen  (in  presence  of  palla¬ 
dium)  the  reaction  was  broken  off.  On  working  up  the  hydrogenation 
product,  a  colorless  liquid  (b.p.  128-129*  at  25  mm)  was  obtained. 

n|5  1.4430;  d|S  1.0848;  42.04;  calculated  41.98. 

3.862  mg  substance:  7.985  mg  CO*;  2.493  mg  HjO.  4.100  mg  substance:  8.370  mg  COg;  2.015  mg  HjO. 
0.2268  g  substance;  18.80  g  benzene:  At  0.345*.  Found  ‘’jfc:  C  55.79,  55.71;  H  7.22,  7.14;  M  178. 
CgHjjO^.  Calculated  C  55.81;  H  6.97;  M  172. 

After  addition  of  two  molecules  of  hydrogen  the  hydrogenation  was  broken  off.  The  product  was  worked 
up  to  give  a  colorless  liquid  with  b.p.  106-107“  (10  mm). 

n*J  1.4229;  d|J  1.0559;  MRj^  42.55;  calculated  42.45. 

4.411  mg  substance:  8.855  mg  CO^.  3.172  mg  H2O.  4.353  mg  substance:  8.760  mg  COj;  3.100  mg  1%0. 
0.2236  g  substance;  18.00  g  benzene:  At  0.360*.  Found  C  55.78,  54.92;  H  8.04,  7.97;  M  174.  CgHi4P2. 
Calculated  %  C  55.17;  H  8.04;  M  177.2. 

SUMMARY 

1.  Using  1,4-butynediol  as  an  example,  it  was  shown  that  a  diprimary  y -acetylenic  glycol  in  presence  of 
colloidal  palladium  is  hydrogenated  more  slowly  than  other  y -acetylenic  glycols.  No  sharp  slowirig'down  was 
observed  after  addition  of  two  hydrogen  atoms. 

2.  l,4HButynediol  acetate  has  been  synthesized  for  the  first  time.  Its  hydrogenation  velocity  in  presence 
of  palladium  and  platinum  was  investigated.  1,4-Butynediol  acetate  is  found  to  hydrogenate  ’  mote  rapidly  than 
•  0.862  g  substance;  0.736  g  Pt;  50  ml  ethyl  alcohol;  P  730  mm;  T  21“;  2H|  =  506  ml. 

••  1.7  g  substance;  0.736  g  Pt;  50  ml  ethyl  alcohol;  P  730  mm;  T  21*;  2Hj  =  524  ml. 


TABLE  6*  • 


t .  .  .  . 

3  '  6  9 

12 

15 

V  .  .  .  . 

110  180  159 

139 

64 

V.  .  .  . 

110  290  I449 

588  , 

652 

2H,  (<!*,) 

21  553  856 

Expt. '  t 

No.  ,  Pd  (in  m^lf^ 

3 

oj  9 

12 

15 

18 

21 

24 

27 

30 

1 

33 

36 

1  i  5 

2  1  10 

58 

60 

looj  142 
1341202 

^4 

p2 

226 

327 

^68 

109 

350 

391 

542 

i 

419 

1 

441 

542 

TABLE  4  • 


t  .  .  . 

3 

6 

9 

12  • 

15 

18 

21 

V  .  .  . 

127 

117 

101 

64 

81 

47 

50 

V.  .  . 

127 

244 

345 

409 

537 

2H,C55>) 

25.1 

48.2 

68.2 

80.8 

96.8 

NOTE,  t  is  the  duration  (in  min.  from  start  of  experiment); 

V  is  the  hydrogen  vol.  (in  ml)  absorbed  during  the  preceding 
period;  V  is  the  volume  absorbed  from  the  start  of  the 
experiment. 
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1,4-butynediol.  Hydrogenation  proceeds  at  a  uniform  rate. 


3.  The  products  of  hydrogenation  of  1,4-butynediol  aceute  are  described. 
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ACETYLENE  DERIVATIVES 


144.  HETEROCYCLIC  COMPOUNDS.  XX.  STEREOISOMERISM  IN  THE  HYDROGENATED  THIOCHHOMANONE 

SERIES,  IL 

I.  N.  Nazarov,  I.  A.  Gurvlch  and  A.  I.  Kuznetsova 


In  a  previous  communication  [1]  we  described  a  series  of  stereoisomers  of  hydrogenated  derivatives  of  2' 
methylthiochromanone,  Including  three  stereoisomerlc  bicycllc  sulfones  (III), (IV)  and  (VIE). 

In  this  investigation  we  synthesized  a  fourth  and  last  stereoisomeric  bicycllc  sulfone  (X).  Conseqtiently, 
all  the  possible  stereoisomers  of  the  dioxide  of  2-niethylhexahydro>l-thiochrQman«4-«iie  ate  now  known  and 
their  stmctures  have  been  established. 

The  previously  obtained  stereoisomeric  bicycllc  sulfones  (ID)  and  (IV)  were  synthesized  by  the  action  of 
hydrogen  sulfide  on  allyl  A'^yclohexenyl  ketone  in  a  weakly  alkaline  medium  followed  by  oxidation  of  the 
stereoisomeric  2<methyl«hexahydro>lHhiochtoman-4*ones  (I)  and  (II)  with  potassium  permanganate  [2].  The 
third  stereoisomeric  bicycllc  sulfone  (VII)  was  obtained  by  condensation  of  the  unsaturated  monocyclic  sulfone 
(V)  with  butadiene  and  subsecpient  reduction  o.f  the  product  of  the  diene  synthesis  (VI)  In  presence  of  Pd  catalyst 
in  a  neutral  medium. 


The  last  stereoisomeric  bicycllc  sulfone  (X)  was  obtained  by  condensation  of  butadiene  with  ifyt  unsaturated 
monocyclic  sulfone  (VII)  followed  by  hydrogenation  of  the  product  of  the  diene  synthesis  (IX)  in  presence  of  Pd 
catalyst. 


-CH, 

H  S 

(I)  m.p.  78* 


? 


CDch, 

H  SO^ 

(VH)  m.p.  98* 

HCl  I  CI%ONa 
^  O 


H 


(HI)  m.p.  158* 


(VIH)  (IX)  (X)  m.p.  133* 


NOTE.  The  positions  of  the  methyl  groups  are  shown  arbitrarily. 
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As  was  shown  in  the  previous  communication  [1],  the  bicyclic  sulfone  (VII)  isomerizes  with  extraordinary 
ease  to  the  sulfone  (III)  under  the  influence  of  sodium  methylate  or  hydrochloric  acid.  The  bicyclic  sulfone  (X) 
also  isomerizes  to  sulfone  (IV)  on  boiling  in  dilute  sodium  methylate  solution  or  on  treating  with  hydrochloric 
acid. 


The  bicyclic  sulfones  (VO)  and  (X)  possess  a  cis-configuration  since  they  are  obtained  by  the  method  of 
diene  condensation,  while  the  bicyclic  sulfones  (H)  and  (IV)  belong,  consequently,  to  the  trans-series,  as  was 
confirmed  by  their  preparation  by  isomerization  of  the  cis-forms. 

The  bicyclic  sulfones  (VH)  and  (IE),  likewise  (X)  and  (IV),  are  distinguished  between  themselves  by  the 
configuration  at  the  Junction  of  the  rings,  but  they  have  the  same  spatial  arrangement  of  the  methyl  groups  at 
the  sectMid  carbon  atom.  The  2-methylhexahydrothiochromanones  (I)  and  (11)  likewise  differ  from  each  other  only 
in  the  arrangement  of  the  methyl  groups  at  the  second  carbon  and  are  epimers.  * 

Hence  the  isomerization  of  the  bicyclic  sulfones  (VII)  and  (X)  proceeds  at  the  angular  hydrogen  atom 
located  in  the  a -position  to  the  carbonyl  group,  and  the  previously  described  [2]  isomerization  of  the  thio- 
chromanone  (11)  and  the  thiochromanone  (I)  in  presence  of  sodium  methylate  is,  consequently,an  epimerization 
proceeding  under  the  influence  of  the  sulfide  sulfur. 

In  one  of  the  preceding  papers  we  described  the  synthesis  of  the  monocyclic  unsaturated  sulfone  (V)  and 
its  ctmdensation  with  butadiene  [3].  Hydrogenation  of  the  product  of  the  diene  synthesis  (VI)  under  various 
conditions  gives  the  bicyclic  cis-sulfone  (VII)  or  its  trans-form  (III).  Consequently  we  were  unable  by  this 
route  to  obtain  the  epimeric  cis-sulfone  (X).  This  sulfone  was  synthesized  by  condensation  of  butadiene  with 
the 'unsaturated  cyclic  sulfone  (VIII).  The  latter  was  prepared  from  the  saturated  sulfone  (XI)  by  bromination 
followed  by  cleavage  of  hydrt^en  bromide. 


O  O 


SO,  SO, 

(XUI)  (XIV) 


Reaction  of  one  molecule  of  bromine  with  the  sulfone  (XI)  in  glacial  acetic  acid,  in  presence  of  hydrogen 
bromide  as  catalyst,  at  25-30*  gives  a  mixture  of  the  monobromides  (XII)  and  (XIII)  in  a  total  yield  of  SQf^o. 

When  the  reaction  is  performed  without  catalyst  but  with  heating  at  60“,  a  mixture  of  the  isomeric  mono- 
bromoketosulfones  (XII)  and  (XIII)  is  obtained  together  with  a  small  amount  of  dibromide  in  a  total  yield  of  up 
to  SO'Jfc. 

The  unsaturated  cyclic  sulfones  (VIII)  and  (XIV)  were  prepared  by  cleavage  of  hydrogen  bromide  from  the 
bromoketosulfones  (XII)  and  (XIII)  by  sodium  acetate  in  boiling  acetone. 

Heating  of  sulfone  (VIII)  with  butadiene  in  dioxan  solution  in  a  steel  ampoule  for  6  hours  at  160-200*  gave 
the  bicyclic  sulfone  (IX)  in  63^  yield. 

Sulfone  (IX)  is  not  isomerized  by  boiling  in  a  dilute  solution  of  sodium  methylate,  due  to  the  stabilizing 
influence  of  the  double  bond  in  the  ting.  Hydrogenation  of  the  product  of  the  diene  condensation  (IX)  with  Pd 
catalyst  m  a  neutral  medium  gives  the  saturated  bicyclic  cis-sulfone  (X)  which,  as  noted  above,  readily  isomerizes 
to  the  trans-sulfone  (IV)  when  heated  with  sodium  methylate  solution  as  well  as  under  the  action  of  hydrochloric 
acid. 

•  The  term  ’^epimers"  is  applied  in  the  present  instance  to  racemates. 


1450 


The  unsaturated  cyclic  sulfone  (XIV)  completely  fails  to  condense  with  butadiene  at  175*,  thus 
behaving  like  the  previously  described  unsaturated  cyclic  sulfones  (XV),  (XVI)  and  (VI). 


(XVII)  (XVIH) 


It  is  known  that  carbocyclic  ketones  of  similar  structure  (XVII*XVIII)  likewise  do  not  undergo  the  diene 
synthesis  [4,5].  Consequently  substitution  in  the  5 -position  to  the  carbonyl  group  greatly  weakens  the  dienophilic 
properties  of  a, 5 -unsaturated  cyclic  ketones,  just  as  it  the  case  in  the  aliphatic  series. 

EXPERIMENTAL 

The  surting  2^ethyltetrahydro>l-thiopyran-4-one  (XI)  was  prepared  by  oxidation  of  2-methyltetrahydro- 
l'Chiopyran>4-one  with  potassium  permanganate  in  acetone,  as  previously  described  [2,6], 

5-Bromo-2-methyltetrahydro-l-thiopyran-4-one  oxide  (Xll)  and  3-bromo-2^ethyltetrahydro-l-thiopyran* 
4-one  (XIII).  a)  5.6  g  sulfone  (XI)  (m.p.  78-79*)  was  dissolved  in  30  ml  glacial  acetic  acid,  and  to  the  solution 
was  added  1  ml  of  4  N  hydrogen  bromide  in  glacial  acetic  acid.  Under  energetic  stirring  for  40  minutes,  addi¬ 
tion  was  made  of  5.15  g  bromine  in  10  ml  glacial  acetic  acid.  The  temperature  of  the  solution  was  kept  at 
25-30*.  Addition  of  the  whole  of  the  bromine  was  followed  by  separation  of  4.8  g  crystals;  partial  removal  of 
the  acetic  acid  in  vacuum  resulted  in  crystallization  of  another  1.9  g.  In  all,  6.7  g  of  mixed  dibromides  ' 
was  obtained,  or  80<;j(>  of  the  theoretical  yield. 

4.8  g  of  the  mixture  of  dibromides  was  recrystallized  from  methanol  to  give  2.4  g  of  crystals  with  m.p. 
182-184*.  Two  recrystallizations  from  methanol  gave  pure  5-bromo-2-methyltetrahydro-l-thiopyran-4-one  (XII) 
with  m.p.  187.5-188*. 

9.688  mg  substance:  11.127  mg  CO|;  4.238  mg  I%0:  5.833  mg  SQ4  -f  K.  8.581  mg  substance; 

9.819  mg  CO^;  3.723  mg  H,0;  5.210  mg  SO4+  Br.  Found  ‘55>:  C  31.34,  31.23;  H  4.89,  4.85;  S  11.04, 

10.77;  Br  27.49,  26.99.  C,H^,SBr-1.5  CH,OH.  Calculated  ojo:  C  31.15;  H  5.23;  S  11.09;  Br  27.63. 

Judging  by  the  analysis,  the  substance  contains  methanol  of  crystallization  which  is  not  removed  by 
prolonged  drying  of  the  bromide  in  the  vacuum  desiccator. 

From  the  mother  liquor  after  distillation  of  the  methanol  was  separated  2.2  g  crystals  with  m.p. 

170-174*  which  was  subjected  to  hydrogen  bromide  cleavage  without  further  purification.  In  this  way  the 
unsaturated  cyclic  sulfone  (XIV)  was  obtained,  corresponding  to  3-bromo-2-methyltetrahydro-l-thiopyran-4- 
one  dioxide  (XIII). 

b)  6  g  of  the  starting  sulfone  (XI)  (m.p.  78-79*)  was  dissolved  in  50  ml  glacial  acetic  acid,  and  to  the 
solution  was  added  5.5  g  bromine.  With  energetic  stirring  the  solution  was  heated  to  61*.  At  this  temperature 
instant  decolorization  of  the  solution  occurred,  followed  by  rapid  darkenii^  with  temperature  rise  to  67*. 

(Further  temperature  rise  was  prevented  by  cooling  with  ice-water).  Fractional  crystallization  yielded  7  g 
of  crystals  of  the  mixture  of  dibromides  (XII)  and  (XIII),  equivalent  to  80^  of  theory.  The  first  fraction  (3  g) 
was  the  monobromide  (XII),  which  was  followed  by  a  mixture  of  monobromosulfone  and  dibromosulfone 
(m.p.  160-164*).  Cleavage  of  hydrogen  bromide  from  this  mixture  led  to  separation  of  2-methyl-l-thiopyran- 
4-one  dioxide  (V)  (m.p.  139-140*),  as  well  as  a  mixture  of  the  unsaturated  sulfones  (VIU)  and  (XIV). 

2 Methyl-2, 3-dihydro-l-thiopyran-4-one  (VIII).  3.2  g  of  the  bromosulfone  (Xn)  (m.p.  187-188*)  was 
dissolved  in  60  ml  acetone  and  poured  into  a  suspension  of  2  g  anhydrous  sodium  acetate  in  acetone.  With 
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energetic  stirring  the  mixttire  was  heated  for  one  hour  on  the  water  bath  at  60-65*.  After  cooling,  the  solution 
was  filtered,  acidified  with  strong  hydrochloric  acid  until  decolorized,  and  again  filtered.  Removal  of  the 
solvent  by  distillation  left  1.7  g  crude  crystals  from  which  was  obtained  (recrystalliMtion  from  alcohol)  1.35  g 
pure  sulfone  (Vni)  in  the  form  of  lemon-colored  crystals  with  m.p.  89.5-90*. 

6.700  mg  substance:  11.031  mg  COj;  3.035  mg  1^0;  3.995  mg  SO4.  5.598  mg  substance:  9.185  mg 
CO,;  2  .506  mg  H,0;  3.345  mg  SO4.  Found  ’’Jo'.  C  44.93,  44.78;  H  5.07,  5.01;  S  19.90,  19.95.  C4H^,S. 

Calculated  C  44.98;  H  5.03;  S  20.02. 

2-Methyl-5, 6-dihydro-l“thiopyran-4-one  (XIV).  2.2  g  of  the  above-described  mixture  of  bromides 
(m.p.  n0“174*),  contataii^  the  bromosulfone  (Xnt),  was  dissolved  in  60  ml  acetone,  and  the  solution  poured 
into  a  suspension  of  1.6  g  sodium  acetate  in  60  ml  acetone,  the  mixture  being  then  energetically  stirred  at 
60-65*  for  one  hour.  Treatment  as  above  yielded  0.65  g  sulfone  (XIV)  with  m.p.  115.6-116*  (from  alcohol). 

5.200  mg  substance;  8.580  mg  CO,;  2.257  mg  H,0.  6.798  mg  substance;  11.195  mg  CO,;  2.994  mg 
H,0.  5.460  mg  substance;  9.018  mg  CO,;  2.403  mg  H,0;  3.320  mg  SO4.  Found  C  45.03,  44.94,  45.07; 

H  4.86,  4.93,  4.92;  S  20.29.  CgH^jS.  Calculated  <5k;  C  44.98;  H  5.03;  S  20.02. 

2-Methyl-5,8, 9,10-tetrahydro-l-thiochtoman-4-one  (IX)  1.3  g  sulfone  (VIII)  (m.p.  90"),  3  g  butadiene, 

15  ml  dioxan  and  0.01  g  i>yrogallol  were  heated  in  a  steel  ampoule  for  5^  hours  at  200*.  Removal  of  the 
solvent  left  1.4  g  of  condensation  product  contaminated  with  polymer.  After  digestion  in  alcohol  with  animal 
charcoal  and  three  recrystallizations  from  alcohol,  the  sulfone  (IX)  was  obtained  with  m.p.  163-164.5*  (yield 
635t»). 

3.410  mg  substance;  7.016  mg  CO^;  2.025  mg  I^.  3.040  mg  substance;  6.272  mg  CO,;  1.813  mg  - 
H,0;  1.373  mg  SO4.  Found  C  56.17,  56.20;  H  6.64,  6.67;  S  15.08.  CMH^O^.  Calculated  C  56.05; 

H  6.58;  S  14.96. 

The  sulfone  (IX)  was  obtained  in  a  much  purer  form  in  an  experiment  under  the  same  conditions  but 

at  160*. 

After  boiling  in  dilute  sodium  methylate  solution  in  methanol,  the  sulfone  (IX)  was  recovered  unchanged 
(no  melting  point  depression  in  admixture  with  the  original  sulfone). 

2 44ethylhexahydro-l-thiochroman-4-one  (X) .  0.3  g  sulfone  (IX)  (m.p.  163-164*)  was  hydrogenated  with 
Pd  catalyst*  in  10  ml  acetone.  After  an  hour  35  ml  hydrogen  (18*,  750  mm)  had  been  absorbed,  or  one  molecule. 
After  removal  of  solvent  the  substance  melted  without  recrystallization  at  131-132*.  Recrystallization  from 
alcohol  yielded  the  cis-form  (X)  with  m.p.  132.5-133*. 

6.045  mg  substance;  12.277  mg  CO,;  4.035  mg  1^0;  2.683  mg  SQ4.  5.045  mg  substance;  10.288  mg 
CO,;  3.390  mg  H,0;  2.240  mg  SO4.  Found  C  55.42,  55.65;  H  7.47,  7.52;  S  14.82,  14.82.  Ci,H,^jO,S. 

Calculated  <51,;  C  55.53;  H  7.46;  S  14.83. 

Isomerization  of  the  cis-sulfone  (X)  into  the  trans-sulfone  (IV).  a)  A  solution  of  0.15  g  cis-sulfone  (X) 
(m.p.  132-133*)  in  2.5  ml  methanol  was  boiled  for  2|  hours.  After  part  distillation  of  the  methanol  in  vacuum, 

70  mg  of  a  substance  with  m.p.  140-141*  separated.  After  two  recrystallizations  from  alcohol  the  substance 
melted  at  142.5-143.5*  and  did  not  depress  the  melting  point  of  the  previously  described  trans-sulfone  (IV). 

b)  0.2  g  cis-sulfone  (X)  (m.p.  132-133*)  was  dissolved  in  5  ml  96Pjo  ethyl  alcohol  and  to  the  solution  was 
added  two  drops  of  strong  hydrochlaic  acid.  The  solvent  was  evaporated  and  the  resultant  crystals  were  recry¬ 
stallized  from  alcohol  when  they  melted  at  144-144.5*.  No  deixression  of  m.p.  of  the  trans-sulfone  (IV). 

Heating  of  sulfone  (XIV)  with  butadiene.  0.65  g  unsaturated 'sulfone  (XIV)  (m.p.  114-115*),  1.5  g 
butadiene,  7  ml  dioxan  and  0.02  g  pyrogallol  were  heated  in  a  steel  ampoule  for  5  hours  at  175*.  Removal  of 
the  solvent  left  400  mg  substance  with  m.p.  112-113*  (from  alcohol).  A  mixture  with  the  original  sulfone 
melted  at  114-115*. 

SUMMARY 

1.  Reaction  of  one  molecule  of  bromine  with  a  solution  of  sulfone  (XI)  in  glacial  acetic  acid  gives  a 
mixture  of  the  monobromosulfones  (XU)  and  (XUI)  in  yield. 

•  Palladium  oxide  on  calcium  carbonate. 
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2.  Heating  of  the  monobromotulftmet  (XU)  and  (Xm)  with  sodium  acetate  in  aceume  leads  to  cleavage 
of  hydrogen  bromide  with  formation  of  the  cotrespondiiv  unsaturated  cyclic  sulfones  (Vm)  and  (XIV). 

3.  Condensation  of  tulfone  (Vm)  with  butadiene  at  160^00*  gives  the  bicyclic  sulfone  (DC)  in  yield. 

4.  Hydrogenation  of  sulfone  (DC)  in  neutral  medium  with  Pd  catalyst  yields  the  saturated  bicyclic  cit> 
sulfone  (X),  an  epimer  of  the  previously  obtained  cit*iulfone  (YU). 

5.  In  this  nunner,  in  addition  to  the  previously  prepared  stereoisomeric  sulfones  (ID).  (IV).  and  (VIQ..' 
a  fourth  and  last  stereoisomeric  sulfone  (X)  has  been  synthesized  by  the  diene  condensation. 

6.  The  cis>sulfone  (X)  readily  isomerizes  to  the  trans*form  (IV)  in  presence  of  sodium  methylate. 

7.  The  unsaturated  sulfone  (XIV).  like  the  previously  described  sulfones  (VI).  (XV)  and  (XVI).  does  not 
undergo  the  diene  condensation  with  butadiene  at  temperatures  up  to  200*. 
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ACETYLENE  DERIVATIVES 

145.  HETEROCYCLIC  COMPOUNDS.  XXI.  SYNTHESIS  AND  TRANSFORMATIONS  OF  1,2,6.6-TETRAMETHYL- 

7-OXA  -HCETODECAHYDROQUINOLINE 


1.  N.  Nazarov  and  S.  A.  Vartanyan 


A  few  years  ago  we  discovered  in  our  laboratory  a  simple  method  of  preparation  of  various  gamma- 
piperidones,  based  upon  the  hydration  of  dienynes  to  the  corresponding  dienones  (vinylallyl  ketones)  [1]  and 
cyclization  of  the  latter  under  the  action  of  ammonia  and  primary  amines  [2]; 


Using  this  method  for  preparation  of  .....yii)iperidones,  we  recently  synthesized  l,2,6-trimethyl-7-oxa-4- 
decahydroquinoline  and  obtained  a  series  of  the  alcohols  and  esters  corresponding  thereto  [3]; 


In  the  present  paper  the  synthesis  is  described  of  two  new  representatives  of  the  bicyclic  pytanopiperidones 
(EL)  and  (III),  starting  from  2,2-dimethyltetrahydro-4-pyTone  which  is  easily  prepared  from  the  techmcally  available 
dimethylvinylethinyl  carbinol  [4]; 


As  was  shown  in  an  earlier  communication,  2,2-dimethyltetrahydro-4-pytone  condenses  with  vmylacetylene 
to  give  2,2-dimethyl-4-vinylethinyltetrahydro-4'i)ytanol  which  dehydrates  to  the  corresponding  pyrano  diene;  hydra¬ 
tion  of  the  latter  in  aqueous  methanol  solution  then  results  in  a  high  yield  of  the  pyrano  dienone  (I)  [5]: 
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Like  othet  vinyallyl  ketones,  the  pyranic  dienone  (I)  readily  reacts  with  ammonia  and  methylamine  to  form 
in  good  yield,  respectively,  2,6,6-trimethyl“7-oxa-4^retodecahydroquinoline  (IH)  and  l,2,6,6-tetramethyl-7-oxa-4- 
ketodecahydroquinoline  (II). 


These  compounds  are  of  interest  as  starting  materials  for  the  synthesis  of  various  heterocyclic  compounds 
containing  both  the  piperidine  and  the  tetrahydropyran  ring.  Under  the  influences  of  powdered  potassium  hydroxide 
the  bicyclic  pyranopiperidine  (II)  readily  condenses  with  acetylene  and  gives,  in  a  yield  of  about  70<7o,  1,2,6, 6- 
tettamethyl-7-oxa-4“ethinyl'4-hydroxy  decahydroquinoline  (IV),  which  takes  up  two  molecules  of  hydrogen  when 
hydrogenated  in  presence  of  Pt  catalyst  and  forms  1,2,6, 6-tetramethyl-7-oxa-4-ethyl-4-hydroxy-decahydroquinoline 
(V): 


Under  the  influence  of  potassium  hydroxide  the  piperidone  (II)  likewise  readily  condenses  with  vinyl- 
acetylene  [6]  and  gives  a  good  yield  of  l,2,6,6‘<etramethyl-7-oxa~4-vinylethinyl-4^iydtoxy  decahydroquinoline 
(VI)  which  absorbs  three  molecules  of  hydrogen  when  hydrogenated  in  presence  of  Pt  catalyst  and  is  converted 
into  l,2,6,6-tettamethyl-7-oxa-4-butyl-4-hydroxy  decihydroquinoilne  (VII).  Reaction  of  phenyllithium  [7] 
with  the  bicyclic  pyranopiperidone  (II)  results  in  a  good  yield  of  l,2,6,6"tetramethyl“7-oxa'4^henyl-4'hydroxy- 
decahydroquinoline  (VIII).  Catalytic  hydrogenation  of  the  bicyclic  pyranopiperidone  (II)  in  presence  of  Pt 
catalyst  leads  to  1,2,6, 6-tettamethyl-7-oxa-4-hydroxydecahydroquinoline  (IX). 

All  of  the  alcohols  of  the  7‘oxadecahydroquinoline  series  (IV,  V,  VI,  VII,  VIII,  and  IX)  described  in 
this  paper  were  obtained  in  the  form  of  a  mixture  of  stereoisomers  whose  separation  presents  great  difficulties, 
due  to  die  hygroscopicity  of  the  hydrochlorides  and  their  failure  to  recrystallize.  Attempts  to  prepare  esters 
of  these  alcohols  by  acylation  with  the  help  of  benzoyl  chloride,  acetyl  chloride  and  propionic  anhydride  were 
also  unsuccessful.  Under  mild  conditions  the  hydrochloride  of  the  original  piperidol  separated  in  all  cases,  and 
under  drastic  conditions  the  product  resinifies. 
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EXPERIMENTAL  • 


The  starting  allyl-2,2-dimethyl-A*~dihydro-4“pyranyl  ketone  (I)  was  prepared  by  the  previously  described 
method  and  had  the  constants:  b.p,  94-96*  at  2mm:  1,4873  [5], 

Preparation  of  2,6,6-trimethyl-7-oxa-4-ketodecahydroquinoline  (III).  A  mixture  of  12  g  ketone  (I),  100  g 
aqueous  ammonia  (s.g.  0.9)  and  15  ml  methyl  alcohol  was  shaken  for  20  minutes  until  a  homogeneous  solution 
was  obtained,  and  then  saturated  with  ammonia  at  —2*  (weight  increase  30  g)  and  heated  in  a  sealed  metal 
cylinder  at  80®  for  82  hours.  The  ammonia  was  removed  in  vacuum,  at  first  in  the  cold  and  then  on  a  water  bath 
at  45®.  The  solution  was  neutralized  with  hydrochloric  acid  until  weakly  acid  and  the  neutral  products  were 
extracted  with  ether,  but  only  a  trace  was  found. 

The  organic  base  was  salted  out  with  potassium  carbonate,  extracted  with  ether,  dried  with  sodium 
sulfate  and  distilled  in  vacuum  to  give  8.6  g  piperidone  (in)  in  the  form  of  a  mobile  liquid  which  turned  yeUow 
on  standing  and  had  a  characteristic  ammoniacal  odor;  b.p.  128-130®  at  6  mm. 

n*5  1.4911;  dj®  1.0625;  MRd  53.56;  calculated  53.90. 

7.262  mg  substance;  17.850  mg  CO];  6.350  H|0.  3.595  mg  substance;  8.870  mg  CO|;  3.200  mg  1%0. 

Found  C  67.08,  67.33;  H  9.78,  9.96.  CnH^OiN.  Calculated  ofe:  C  67.00;  H  9.&4. 

The  2,4-dinitrophenylhydrazone  of  piperidone  (III)  melts  at  210-212“  (after  recrystallization  from  alcohol). 

Preparation  of  1,2,6, 6-tetramethyl-7-oxa-4-ketodecahydroquinoline  (II).  A  mixture  of  60  g  ketone  (I) 
and  70  g  35^  aqueous  methylamine  solution  was  shaken  for  a  few  minutes  until  a  transparent  solution  was  formed 
(during  this  operation  the  temperature  rose  to  43®).  The  mixture  was  then  heated  in  a  metallic  ampoule  at  70* 
in  the  course  of  1.5  hours.  The  excess  of  methylamine  was  distilled  off  at  45®  in  a  75  mm  vacuum.  The  solution 
was  neutralized  with  hydrochloric  acid  until  weakly  acid,  and  the  neutral  products  extracted  with  ether,  but  only 
a  trace  was  found.  The  organic  base  was  salted  out  with  sodium  hydroxide,  extracted  with  ether,  dried  with 
sodium  sulfate  and  fractionated  in  vacuum  to  give  58.3  g  of  piperidone  (II)  in  the  form  of  a  liquid  which  turned 
yellow  on  standing  and  had  a  characteristic  ammoniacal  odor;  b.p.  113-114®  at  2mm. 

ng  1.4973;  d|®  1.0690;  MRp  59.35;  calculated  58.80. 

13.48  mg  substance:  12.23  mg  H^O;  33.73  mg  COj.  12.23  mg  substance;  11.20  mg  HjO;  30.56  mg 

COj.  Found  ojoz  C  68.29,  68.19;  H  10.15,  10.25.  Cnl^OjN.  Calculated  G  68.24,  H  9,99. 

The  picrate  was  prepared  by  mixing  piperidone  (IQ  with  saturated  alcoholic  solution  of  picric  acid.  On 
heating  in  alcohol  it  dissolves  readily  and  only  comes  down  after  distilling  off  the  greater  part  of  the  solvent; 
it  is  then  in  the  form  of  a  dark-brown,  fine  powder  with  m.p.  162-164®. 

5.622  mg  substance;  0.616  mi  Nj,  (24®,  736  mm).  5.920  mg  substance:  0.643  ml  (22®,  743  mm). 

Found ‘?1):  N  12.33,  12.20.  Calculated ‘Jb;  N  12.72. 

Hydrogenation  of  l,2,6,6-teuamethyi-7-oxa-4-ketodecahydroquinoline  (II).  3.2  g  freshly  distilled  piperidone 
(II)  was  hydrogenated  in  15  ml  ethyl  alcohol  in  presence  of  Pt  catalyst.  360  ml  hydrogen  was  absorbed.  Complete 
hydrogenation  of  the  carbonyl  group  requires  370  ml  hydrogen.  Hydrogenation  was  completed  m  2  hours.  1.8  g 
l,2,6,6-tetramethyl-7-oxa-4-hydroxydecahydroquinoline  (IX)  was  obtained  in  the  form  of  a  transparent,  viscous 
liquid  with  a  characteristic  odor;  b.p.  121-122.5®  at  2  mm.  The  product  crystallized  when  petrol  (b.p.  45-60®) 
was  added;  it  was  isolated  in  the  form  of  a  white  powder  with  m  p  131-134®. 

12.47  mg  substance:  31.08  mg  COj,  12.19  mg  HjO.  12.28  mg  substance:  30  65  mg  COj;  12.04  mg 

1%0.  Found^:  C  68.02,  68.11;  H  10.94,  10.72.  CuHtjO^N.  Calculated  <5b:  C  67.60;  H  10.80. 

The  hydrochloride  of  base  (IX)  is  an  aqnorphous  mass  which  deliquesces  on  standing  in  the  air. 

Synthesis  of  l,2,6,6-tetramethyl-7-oxa-4-ethinyl-44iydroxydecahydroquinoline  (IV).  Into  a  three^iecked 
flask  fitted  with  a  mechanical  stirrer,  a  dropping  funnel  and  a  reflux  condenser  were  introduced  9.4  g  powdered 
potassium  hydroxide  and  150  ml  dry  ether.  At  a  temperature  of  —2®  this  mixture  was  saturated  with  acetylene  in 
the  course  of  30  minutes.  Addition  was  then  made  with  continuous  stirrir^  in  a  stream  of  acetylene  of  20  g 
piperidone  (IV)  dissolved  in  an  equal  volume  of  ether.  After  the  piperidone  had  been  added,  the  acetylene  stream 
was  continued  for  a  further  4  hours  at  -2®  and  2  hours  at  room  temperature.  The  potassiiun  hydroxide  was  washed 
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out  with  water  (10  ml),  carbon  dioxide  was  passed  through  the  ether  solution  for  complete  removal  of  the  alkali, 
and  the  product  was  dried  with  sodium  sulfate  and  distilled  in  vacuum.  16.5  g  of  the  acetylenic  alcohol  (IV) 
was  obtained  in  the  form  of  a  very  viscous,  yellow  liquid',  b.p.  137-139*  at  2  mm.  It  solidified  to  a  vitrous  mass 
in  the  receiver. 

10.53  mg  substance:  9.28  mg  1^0;  27.46  mg  COj.  9.53  mg  substance;  8.43  mg  I%0;  24.74  mg  COj. 

Found  ojo'  C  71.17,  70.85;  H  9.87,  9.86.  Calculated  C  70.87;  H  9.7. 

The  hydrochloride  of  the  acetylenic  alcohol  (IV),  after  drying  in  a  vacuum  desiccator  over  i^osphorus 
pentoxide,  melts  at  116-120*.  It  is  a  hygroscopic,  amorphous  white  powder  which  deliquesces  when  stored  in 
contact  with  air;  on  lecrystallization  it  comes  down  in  the  form  of  a  noncrystalline,  amorphous  mass. 

Hydrogenation  of  l,2,6,6Hettamethyl-7-oxa-4-ethinyl-4-hydioxydecahydroquinoline  (IV).  3  g  of  freshly 
distilled  acetylenic  alcohol  (IV)  was  hydrogenated  in  15  ml  alcohol  in  presence  of  Pt  catalyst,  523  ml  hydrogen 
being  absorbed.  Complete  hydrogenation  of  the  acetylenic  alcohol  requires  600  ml  hydrogen.  2.4  g  of  1, 2,6,6- 
tetramethyl-7-oxa-4-ethyl-4-hydroxydecahydroquinoline  (V)  was  obtained  in  the  form  of  a  transparent,  viscous 
liquid  with  a  characteristic  odor;  b.p.  113-115*  at  1  mm. 

‘  8.597  mg  substance;  21.675  mg  CO^;  8  410  mg  1^0.  4.440  mg  substance;  11.215  mg  CO|;  4.350  mg. 

H^O.  Found  <5b:  C  68.81,  68.93;  H  10  95,  10.96.  Ci4%,OjN.  Calculated  ^o;  C  69.70;  H  11.24. 

The  hydrochloride  of  the  ethylpiperldol  (V)  is  a  viscous  mass  which  does  not  crystallize. 

Synthesis  of  l,2,6,6-tetramethyl-7-oxa-4-vinylethinyl-4-hydroxvdecahydroqamoline  (VI).  Into  a  round- 
bottomed  flask  fitted  with  a  mechanical  stirrer,  a  mercury  seal  and  a  dropping  funnel  was  introduced  8.4  g 
powdered  potassiiun  hydroxide  and  100  ml  dry  ether.  To  this  mixture,  cooled  to  —2*,  was  added  in  small 
portions  with  vigorous  stirring  10  g  vinyl  acetylene  and  20  g  piperidone  (II)  dissolved  in  50  ml  dry  ether.  After 
the  addition  of  the  ether  solution  of  vinylacetylene  and  piperidone  (II),  stirring  was  continued  for  a  further  eight 
hours  while  being  cooled  with  ice-water,  and  the  reaction  mass  left  overnight.  On  the  next  day  the  mixture  was 
stirred  for  a  further  two  hours,  treated  wfth  water  (10  ml),  and  a  stream  of  carbon  dioxide  passed  through  the 
ether  layer  for  complete  removal  of  alkali.  The  product  was  then  dried  with  sodium  sulfate  and  distilled  in 
vacuum  to  give  19.3  g  of  the  vinylacetylenic  alcohol  (VI);  b.p.  150-152*  at  1  mm. 

15.13  mg  substance;  40.37  mg  CO|;  13.06  mg  H^O.  9.63  mg  substance;  25.78  mg  COj;  8.47  mg  H|0. 

Found ‘Jb:  C  72.83,  73.06;  H  9.67,  9.84.  Ci«Hj|P,N.  Calculated  C  73.01;  H  9.58. 

This  alcohol  is  a  yellowish  glassy  product  which  softens  on  heating.  Its  hydrochloride  is  a  white  hygro¬ 
scopic  powder  melting  at  120-124*. 

Hydrogenation  of  l,2.6,6-tetramethyl-7-oxa-4-vinylethinyl-4-hydroxydecahydroquinoline  (VI).  3  g 
freshly  distilled  material  (VI)  was  hydrogenated  in  solution  in  15  ml  alcohol  in  presence  of  Pt  catalyst.  813  ml 
hydrogen  was  absorbed  as  compared  with  the  theoretical  requirement  of  822  ml.  The  catalyst  was  filtered  off, 
the  alcohol  distilled  off,  and  the  residue  fractionated  in  vacuum  to  give  2.6  g  of  the  butylpiperidol  (VII)  as  a 
transparent,  viscous  liquid  with  a  characteristic  odc«,  b.p.  140-143*  (2  mm).  This  product  was  a  mixture  of  the 
two  isomers  of  1,2,6, 6-tetramethyl-7-oxa-4-butyl-4‘hvdroxydecahydroquinoiine.  Dilution  with  ether  resulted  in 
crystallization  of  about  1  g  of  pure  substance  which  melted  at  114-116°  (from  ether)  and  was  readily  soluble  in 
petrol  (b.p.  65-78*),  acetone  and  benzene. 

4.872  mg  substance;  12.742  mg  CO|;  5.105  mg  I%0.  5.673  mg  substance;  14.878  mg  CO^;  5.910  mg 

H,0.  Found  <51):  C  71.37,  71.57;  H  11.72,  11.66.  CjeHjiOjN.  Calculated  <7o;  C  71.37;  H  11.52. 

The  hydrocUoride  of  this  alcohol  melted  at  109-112*  after  drying  in  a  vacuum  desiccator  over  phosphorous 
pentoxide.  It  was  a  hygroscopic,  white  amorphous  powder  which  deliquesced  in  the  air  and  on  recrystallization 
separated  in  the  form  of  a  viscous,  noncrystalline  mass. 

The  residue  following  removal  of  the  crystalline  isomer  of  (VII)  was  distilled  in  vacuum  to  give  1.7  g  of 
a  mixture  of  the  isomeric  alcohols  (VII)  with  b.p.  140-142*  at  2  mm  and  consisting  of  a  vitreous  mass  which 
softened  on  heating. 

4.021  mg  subsunce;  10.480  mg  COs;  4.120  mg  I%0.  6.005  mg  substance;  15.620  mg  CO^;  6.165  mg 

I%0.  Found  <51,:  C  71.13,  70.98;  H  11.47,  11.49.  Calculated  C  71.37;  H  11.52. 

The  hydrochloride  of  this  mixture  melted  at  120-123*. 
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Synthesis  of  1,2,6, 6-tetramethyl-7-oxa-4-phenyl-4“hydroxydecahydroquinolme  (Vm).  The  following 
reaction  was  conducted  in  a  nitrogen  atmosphere.  Into  a  three-necked  round-bottom  flask,  fitted  with  a 
mechanical  stirrer,  mercury  seal,  dropping  funnel,  a  tube  for  nitrogen  and  a  thermometer,  was  introduced  50 
ml  absolute  ether,  1  g  small  lithium  turnings  and  4  g  bromobenzene. 

After  the  reaction  had  commenced,  gradual  addition  was  made  of  a  further  14  g  bromobenzene  dissolved 
in  the  same  volume  of  absolute  ether.  There  was  then  added  to  the  mixture  50  ml  ether,  and  the  reaction  mass 
stirred  at  room  temperature  for  one  hour  and* then  at  the  temperature  of  boiling  ether  for  30  minutes.  Dropwise 
addition  was  then  made  at  a  temperature  of -12”  to  the  so^repared  phenyllithium  of  9  g  of  the  piperidone  (11) 
dissolved  in  10  ml  absolute  ether.  On  the  following  day  the  mixture  was  heated  for  two  hours  at  the  temperature 
of  boilii^  ether,  and  the  reaction  product  was  hydrolyzed  with  12  ml  of  water  at  a  temperature  of  -6”.  The 
ether  layer  was  separated,  and  the  aqueous  layer  was  extracted  with  three  portions  of  ether,  saturated  with  potas¬ 
sium  carbonate,  and  extracted  once  more  with  ether.  The  ether  extracts  were  combined,  and  dried  with  sodium 
sulfate,  the  ether  was  distilled  off,  and  the  product  distilled  in  vacuum  giving  9.2  g  of  the  phenylpiperidol  (VIII). 

The  latter  was  a  very  viscous,  yellowish  liquid  boiling  at  163”  (1  mm), 

4.036  mg  substance;  11.092  mg  COj,*  3.340  mg  H|0.  3.995  mg  substance:  10.985  mg  CO^,  3.352  mg 

H,0.  Found  C  75.00,  75  04;  H  9.26,  9,39  CibUtOjN.  Calculated  C  74.74;  H  9.3.  0.063  g 

substance;  4. 17  ml  CH4  ( 19”,  738  mm).  0.080  g  substance;  5  3  ml  Cll4  (20”,  739  mm).  Found 

active  hydrogen  0.29,  0.30.  Calculated  active  hydrogen  0.34. 

On  cooling  the  product  solidified  to  a  vitreous  mass  which  was  converted  by  grinding  into  an  amorphous 
powder.  The  hydrochloride  of  this  alcohol  melted  at  185-187”  after  drying  in  the  vacuum  desiccator  over 
phosphorous  pentoxide.  It  behaves  like  the  hydrochloride  of  the  above-described  piperidols. 

Attempt  to  prepare  the  benzoate  of  l,2,6,6-tetramethyl-7-oxa-4^henyl-4-hydroxydecahydroquinoline  (XI). 

To  phenyllithium  prepared,  as  described  above,  from  1  g  of  small  pieces  of  metallic  lithium  and  15  g  bromo¬ 
benzene  in  50  ml  absolute  ether  was  added  dropwise  9  g  of  the  piperidone  (El)  dissolved  in  the  same  volume  of 
ether.  Klixlr^  was  effected  for  2  hours  at  room  temperature  and  2  hours  at  the  boiling  point  of  ether.  There  was 
added  to  the  resultant  complex  at  -5”,  dropwise,  10  ml  of  benzoyl  chloride  dissolved  in  10  ml  absolute  ether. 

The  mixture  was  stined  for  one  hour  at  20”  and  for  3  hours  at  the  boiling  pomt  of  ether  before  being  left  over¬ 
night.  On  the  following  day  there  was  added  20  ml  of  water  to  the  reaction  mass,  the  aqueous  layer  was  saturated 
with  sodium  carbonate  and  extracted  with  ether;  the  product  was  dried  with  sodium  sulfate  and  distilled  in 
vacuum.  There  was  isolated  3.2  g  of  the  above-described  phenylpiperidol  (VIll)  with  b.p.  160-164”  (1  mm); 
m.p.  of  hydrochloride  176-180”.  Consequently  no  benzoylation  had  taken  place  under  the  described  conditions. 

SUMMARY 

Reaction  of  methylamine  and  ammonia  with  the  dienone  (1)  gives,  m  good  yield,  the  bicyclic  y- 
piperidones  (II  and  III)  containing  the  condensed  tetrahydropyran  ring. 

Condensation  of  the  bicyclic  pyranopiperidone  (II)  with  acetylene  and  vinylacetylene  results  in  forma¬ 
tion  in  good  yield  of  the  acetylenic  and  vinylacetylenic  piperidols  (IV  and  VI). 

The  phenylpiperidol  (VIII)  is  obtained  in  good  yield  by  the  action  of  phenyllithium  on  the  bicyclic 
pyranopiperidone  (II). 

All  the  above -described  unsaturated  compounds  were  hydrogenated  in  presence  of  Pt  catalyst  to  give  the 
corresponding  saturated  compounds, 
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INVESTIGATION  OF  THE  ACTION  OF  BROMINE  ON  a  ,  o -(p-DIMETHYL  AMINOPHENYL)- 

6-PHENYLETHYLENE 

A.  M.  Khaletsky  and  A.  M.  Yanovitskaya 


With  the  objective  of  studying  the  action  of  bromine  on  triphenylethylene  derivatives,  we  have  investi* 
gated  the  behavior  of  this  halogen  towards  a,a-<ii-(p-dimethylaniinophenyl)-6-i)henylethylene.  The  possibilities 
arising  in  the  action  of  bromine  on  a,a-di-(p-dimethylaminophenyl)-B-phenylethylene  are  replacement  of  the 
hydrogen  of  the  ethylene  group  by  bromine,  addition  of  two  atoms  of  bromine,  or  substitution  of  the  hydrogen  of 
the  benzene  ring. 


Taking  into  consideration  the  stability  of  the  halogen  at  a  double  bond,  the  formation  of  ata-di-fp- 
dimethylaminophenyl)-d-phenyl-&-bromoethylene  appeared  probable.  The  synthesis  of  the  latter  was  of 
interest  in  connection  with  its  similarity  to  triphenylbromoethylene  whose  estrogenic  properties  have  been 
described  in  the  literature  [1]. 


For  the  synthesis  of  a, a -di-^p-dimethylaminophenylj-B phenyl-6 -bromoethylene  we  started  from  a,a-di- 
(p-dimethylaminophenyl)-6^henylethylene,  which  was  prepared  by  dehydration  of  a,a-di-(p-dimethylaminophenyl)- 
benzyl  carbinol.  The  latter  was  prepared  by  the  Grignard  reaction  from  Michler's  ketone  and  benzyl  chloride; 
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Reaction  of  benzyl  magnesium  chloride  with  Michler’s  ketone  gave  a,a-di-(p-dimethylaminophenyl)-6- 
phenylethylene  together  with  a  small  amount  of  a,a-di-(p-dimethylaminophenyl)-benzyl  carbinol,  which  suggests 
dehydration  of  the  latter  in  the  course  of  the  reaction.  Oxidation  of  a, a -di*<p-dimethylaminophenyl)-6 -phenyl- 
ethylene  with  potassium  permanganate  yielded  Michler’s  ketone;  the  presence  of  benzaldehyde  was  detected  by 
its  odor'.  Bromination  of  a,a-di-(p-dimethylaminophenyl)-6^henylethylene  with  bromine  in  chloroform  led  to 
separation  of  two  products;  One  of  these  had  a  blue  color  and  preponderated;  it  melted  at  151-154*;  the  other 
was  green  and  melted  at  169-170*.  Analysis  showed  them  to  be  isomers  since  they  both  had  the  composition 
C,4H,5l^Br  and  contained  one  atom  of  bromine.  The  bromine -containing  compounds  were  oxidized  with  potas¬ 
sium  permanganate  (in  acetone  solution);  a  substance  was  obtained  which  melted  at  122-124*  and  contained 
halogen;  among  the  oxidation  products  was  benzaldehyde.  Since  these  data  clearly  indicated  that  the  action 
of  bromine  on  a,a-di-(p-dimethylaminophenyl)-6-phenylethylene  does  not  result  in  addition  of  bromine  nor  in 
substitution  of  hydrogen  at  the  ethylene  bond,  the  only  possible  conclusion  was  that  bromine  replaces  hydrogen 
in  the  aromatic  nucleus.  To  test  this  conclusion,  Michler’s  ketone  was  subjected  to  bromination  when  a  mono- 
bromo  derivative  with  m.p.  118-127*  was  obtained  and  was  found  to  be  identical  with  the  bromo  derivative 
isolated  after  oxidation  of  the  bromo -substituted  a,a-<li-(p-dimethylaminophenyl)-6-phenylethylene.  On  the 
basis  of  these  data  we  can  conclude  that  in  the  bromination  of  a, a -di-(p-dimethylaminophenyl)-6 -phenyl- 
ethylene  there  are  formed  bromo-substituted  derivatives  to  which  the  following  structure  may  be  attributed; 
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EXPERIMENTAL 

a  .a-Di-(p-dimethylaminophenyl)-benzyl  carbinol.  53.6  g  Michler’s  ketone,  dissolved  in  benzene,  was 
gradually  added  to  benzyl  magnesium  chloride  in  ether.  The  Grignard  reagent  was  prepared  from  4.8  g  magnesium 
and  25.2  g  benzyl  chloride  (b.p.  179*).  Heat  was  developed  during  the  reaction  with  the  ketone.  The  color  of  the 
mixture  first  turned  green  and  later  brown.  After  the  whole  of  the  ketone  had  been  added,  the  mixture  was  heated 
on  the  water  bath  with  stirring  for  3  hours.  The  reaction  product  was  decomposed  with  ice-water  and  acidified  with 
dilute  hydrochloric  acid  until  the  basic  salts  of  magnesium  had  gone  into  solution;  three  layers  were  formed.  The 
top  one  had  the  consistency  of  a  slurry;  the  middle  one  (ether-benzene)  had  a  green  color;  the  bottom  one  was  an 
aqueous  solution.  The  solid  material  was  separated  at  the  pump  and  the  ether45enzene  layer  was  collected  through 
a  separating  funnel.  The  aqueous  layer  was  washed  with  benzene  and  the  extract  combined  with  the  ether-benzene 
solution.  Distillation  of  the  ether  and  benzene  left  25  g  of  substance  which,  after  recrystallization  from  alcohol, 
proved  to  be  identical  with  the  product  from  the  solid  mass;  in  all  there  was  37  g  of  product  (55*70  yield  based  on 
the  Michler  ketone).  After  recrystallization  from  alcohol  or  chloroform  the  product  melted  at  127-128*  and 
consisted  of  light-yellow  crystals  which  were  insoluble  in  water,  soluble  in  hot  alcohol,  chloroform  and  benzene. 

We  could  not  confirm  the  observation  of  Madelung  and  Volker  [2]  that  on  recrystallization  from  alcohol  part  of 
the  product  does  not  dissolve  in  the  alcohol  and  crystallizes  from  benzene  with  m.p.  173*.  It  is  true  that  on 
recrystallization  from  alcohol  a  residue  is  obtained  which  is  poorly  soluble  in  alcohol  and  easily  soluble  in  ben¬ 
zene,  but  this  substance  likewise  melts  at  127-128*.  The  most  appropriate  solvent  for  crystallization  of  the 
product  was  found  to  be  a  mixture  of  equal  parts  of  alcohol  and  benzene. 


From  the  acid  aqueous  solution  was  separated  2.5  g  of  a  substance  in  the  form  of  bright  needles  with  a 
greenish  tinge,  m.p.  187-189*.  According  to  the  analytical  data  these  corresponded  toa,a-di(p-dimethylamino- 
phenyl) -benzyl  carbinol  .  The  product  melting  at  127-128*  appeared,  judging  by  the  analysis,  to  be  a,  a-di-(p- 
d  imet  hyl  am  inophe  nyl)  -0  -phe  ny  lethyle  ne . 

In  general  the  obtained  results  are  consistent  with  those  of  other  workers  [3]  who  brought  Michler's  ketone 
into  reaction  with  various  organomagnesium  compounds  and  obtained  not  tertiary  alcohols  but  products  of  their 
dehydration.  Attention  may  be  drawn  to  the  fact  that  it  is  more  expedient  to  use  a  deficiency  of  ketone  in  rela¬ 
tion  to  the  benzyl  chloride  (not  more  than  GQPjo  of  the  theoretical)  since  it  is  rather  difficult  to  eliminate  unreacted 
ketone. 

Analysis  of  a, a -di-(p-dimethylaminophenyl)-benzyl  carbinol. 

0.1186  g  substance:  7.60  ml  Nj  (21*,  768  mm).  0.0988  g  substance;  '6,60  ml  N*  (18*,  745  nim). 

Found  ofc:  N  7.51,  7.69.  Calculated  <^ot  N  8.77. 

Analysis  of  a,a-di-(p-dimethylaminophenyl)-0-phenylethylene. 

0.0902  g  substance:  6.20  ml  Nj  (20*,  776  mm).  0.0824  g  substance;  5.70  ml  Nj  (19°,  774  mm). 

Found  <7,:  N  8.11,  8.19.  Ci^HjgN,.  Calculated  <70:  N  8.18. 

Oxidation  of  a  ,a -di-(p-dimethylaminophenyl)-fi-phenylethylene.  3.42  g  a  ,a  -di-(p-dimethylaminophenyl)- 
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rB-phenylethylene  was  dissolved  in  50  ml  acetone  and  oxidized  with  126.4  ml  1*70  potassium  permangante  solution 
for  2  hours  with  stirring.  After  distillation  of  the  acetone,  the  residue  was  filtered,  washed  with  hot  water  and 
treated  with  hot  benzene.  The  benzene  was  driven  off  to  leave  1.6  g  of  a  greenish  substance,  melting  (after 
recrystallization  from  alcohol)  at  170-172*  and  not  depressing  the  melting  point  of  Michler’s  ketone.  The 

I  aqueous  liquid  had  a  strong  odor  of  benzaldehyde.  The  formation  of  Michler's  ketone  and  benzaldehyde  on 

oxidation  demonstrates  that  the  compound  has  the  structure  of  a,a-di-(p-dimethylaminophenyl)-6-phenylethylene. 

Bromination  of  a  ,a-di-<p-dimethylaminophenyl)-Bi?henylethylene.  171.1  g  fl,a-<ii-(P^iniethylamino- 
phenyl)-6-phenylethylene  was  dissolved  in  85  ml  chloroform,  and  to  the  solution,  with  stirrii^,  was  gradually 
added  a  solution  of  8  g  bromine  in  25  ml  chloroform.  Heat  was  developed  during  this  addition  and  the  color 
'  changed  from  light-green  to  blue  with  a  greenish  tinge.  After  removing  the  chloroform,  there  remained  a 

viscous,  blue  mass  which  slowly  crystallized.  On  recrystallization  from  alcohol  it  was  found  to  be  hetero¬ 
geneous,*  the  greater  part  had  a  blue  color  and  melted  at  151-154*;  its  amount  was  14.2  g;  a  subsequent  series 
of  recrystallizations  from  benzene  yielded  5.1  g  substance  with  m.p.  169-170*;  the  coltK  of  this  was  light-green. 
The  total  yield  was  thus  19.3  g  or  68^  of  theory. 

,  Analysis  of  the  bromide  with  m.p.  151-154*. 

0.1496  g  substance:  8.60  ml  Nj  (18*,  760  mm).  0.1733  g  substance:  10.20  ml  (17*,  770  mm). 

0.4700  g  substance:  10.75  ml  0.1  N  AgNOj  (by  Stepanov’s  method).  0.4372  g  substance:  10.10  ml 
=  0.1  N  AgNO,.  Found  <7t  N  6.74,  6.81;  Br  18.24,  18.47.  t^H^NsBr.  Ca!calated<?5):  N  6.65;  Br  19.00 

>  Oxidation  of  the  bromide  melting  at  151-154*.  4.2  g  of  the  bromade  was  dissolved  in  50  m.l  acetone 

.  and  the  solution  oxidized  with  126  ml  of  solution  of  potassium  pennanganate.  The  precip-tate  formed 

I  after  driving  off  the  acetone  was  filtered  and  washed  with  hot  water;  the  aqueous  liquid  had  the  odor  of  ben- 

I  zaldehyde  and  gave  a  negative  reaction  for  bromine.  The  precipitate  was  worked  up  with  hot  benzene  and 

ether.  After  distilling  off  the  solvents  there  remained  a  yellow  mass  which  after  recrystallization  melted  at 
122-124*.  Yield  2.04  g.  No  reaction  for  halogen. 

!  0.1098  g  substance:  7.8  ml  Nj  (16*,  770  mm).  0.1248  g  substance:  8.7  ml  (18",  772  mm).  Found  «jt: 

I  N  8.50,  8.28.  CijHijONjBr.  Calculated  <5t:  N  8.04.  0.2007  g  substance:  5.05  ml  0.1  N  AgNOs-  0.2218 

*  g  substance:  5.95  ml  0.1  N  AgNOs.  Fotmd  Br  20.12,  21.42.  Cj^HisONiBr.  Calculated  ojo:  Br  23.00. 

An  attempt  to  prepare  the  semicarbazone  of  the  bromo  ketone  was  uisuccessfui. 

i  Analysis  of  the  bromide  with  m.p.  169-170®. 

0.1495  g  substance:  8.80  ml  Ns  (18*,  770  mm).  0.1620  g  substance:  9.40  ml  (18°,  766  mm). 

Found  <7o:  N  6.99,  6.86.  C^BssNsBr.  Calculated  <7,:  N  6.65.  0.4824  g  substance:  11.00  ml  0.1  N 
AgNOs  (by  Stepanov’s  method).  0.4538  g  substance:  10.80  m*  0  1  N  AgNOs.  Found  “T):  Bi  18.26, 

19.02.  Cs^H^NsBr.  Calculated  ojot  Br  19.00. 

Oxidation  of  the  bromide  with  m.p.  169-170*.  This  was  effected,  as  above,  with  1%  potast-um  perman¬ 
ganate  solution.  The  bromo  ketone  had  a  yellow  color,  somewhat  paler  tnan  p-eyiously,  and  melted  after  recry¬ 
stallization  from  benzene  at  166-167*.  The  aqueous  alkaline  liquid  gave  off  the  odor  of  benzaldehyde  and  gave 
I  a  negative  reaction  for  bromine.  The  following  results  were  obtained  in  nitrogen  de:eim_nations  (Dumas)  and 

I  bromine  determinations  (Pirn  and  Schiff): 

!  0.1194  g  substance:  7.80  ml  1^  (15°,  770  mm).  0.0807  g  substance*  5.30  ml  (16*,  770  mm). 

0.2090  g  substance:  5.80  ml  O.IN  AgNOs-  0*2326  g  substance;  6  70  mi  0.1  N  AgNOs  Found 
N  7.84,  7.86;  Br  22.12,  23.02.  Ci^HisOl^Br.  Calculated  <>jt:  N  8.04;  Be  23.00. 

I  An  attempt  to  prepare  the  semicarbazone  of  the  bromo  ketone  was  unsuccessfiil. 

Bromination  of  Michler’s  ketone.  2.68  g  Michler's  ketone  was  dissolved  in  50  rru  chloroform,  and  to  die 
solution  was  gradually  added  a  solution  of  1.6  g  bromine  in  15  ml  chloroform.  After  driving  off  tne  chloroform 
and  recrystallizing  from  alcohol  and  benzene  there  was  obtained  2.5  g  of  a  substance  with  a  gradual  melting 
point  of  117-128*;  it  was  evidently  a  mixture  of  the  isomeric  monobtomo  derivatives  of  tne  Ketone  whose  sepa¬ 
ration  was  attended  with  difficulties. 
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SUMMARY 


1.  Reaction  of  benzyl  magnesium  chloride  with  Michler's  ketone  gives  mainly 'a  -di-(P“dimethyl- 
aminophenyl) -6-phenylethylene  together  with  a  smaller  amount  of  a  -di-(p-dimethylaminophenyl)-benzyl 
carbinol. 

2.  In  the  reaction  of  bromine  with  a  ,a  -di-(p-dimethylaminophenyl)-6-phenylethylene  the  bromine 
replaces  a  hydrogen  of  the  aromatic  nucleus  with  formation  of  isomeric  bromo  derivatives  of  a,a-di-(p- 
dimethylaminophenyl)-6 -phenylethylene . 

3.  A  monobromo-substituted  ketone  is  formed  by  the  action  of  bromine  on  Michler's  ketone 
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SYNTHESIS  OF  3, 4-BENZ  PHEN  A  N  THRENE  AND  ITS  HOMOLOGS 


k  G.  T.  Tatevolyan  1  and  V.  O.  Babayan 

3,4-^enzphenanthrene  is  the  simplest  aromatic  hydrocarbon  possessing  a  specific  carcinogenic  activity; 
the  isomeric  tetracyclic  hydrocarbons,  chrysene  and  l,2*ben^anthracene  do  not  exhibit  such  activity,  although 
the  nucleus  of  the  latter  is  also  present  in  molecules  which  are  mote  strongly  carcinogenic.  Certain  homologs 
>  of  3,4-benzphenanthrene  also  possess  carcinogenic  activity,  and  this  fact  has  attracted  the  attention  of  chemists 

to  hydrocarbons  of  the  benzphenanthrene  series  and  has  stimulated  the  search  for  methods  for  their  synthesis. 

A  few  methods  are  known  for  the  preparation  of  Tjenzphenanr.hiene  homologs.  Of  the  methods  related  to 
the  Pschorr  synthesis  t.he  most  satisfactory  was  found  to  be  that  proposed  by  Hewett  [1],  based  on  cyclization  with 
the  aid  of  potassium  hydroxide  into  quinolines  halogenated  m  one  of  the  aromatic  nuclei  of  a.B-^iarylacrylic 
acids;  investigation  of  the  biologjcal  properties  of  compounds  obtained  by  this  route  provided  fundamental 
material  ft»  the  i»oblem  of  the  relation  between  the  carcinogenic  properties  and  the  structure  of  hydrocarbons 
of  this  series. 

Successful  use  was  also  made  of  some  variants  of  syntheses  utilizing  mtramoiecuiar  acylation  of  y-aryl 
butyric  acids  [2].  Starting  materials  for  these  syntheses  are  compounds  of  tne  phenanth-ene  series  in  whose 
molecules  is  an  additional  ring.  The  butyric  acid  residue  necessary  for  this  ring-closure  is  usually  attached  to 
•  the  initial  phenanthrene  derivative  with  the  help  of  the  classical  Refcxmatsky  reaction. 

Less  suitable  methods  are  those  based  on  the  application  of  the  diene  synthesis;  the  yields  of  adducts  in 
such  cases  are  generally  very  small.  The  most  promising  of  the  methods  of  this  group  is  the  synthesis  based  on 

j  addition  of  maleic  anhydride  to  homologs  of  l-phenyl“3,4-<lihydionaphtriaiene  [3]. 

( 

I  It  must  furthermore  be  noted  that  due  to  the  difficult  accessibility  of  the  starting  substances  and  the 

numerous  steps  in  the  syntheses,  and  also  due  in  some  cases  to  the  low  yields,  the  hydrocarbons  of  the  3,4- 
benzphenanthrene  series  are  even  today  not  readily  accessible.  Tl^  difficulty  of  preparing  compounds  of  this 
series  has  been  frequently  mentioned  in  the  literature  [4]. 

It  nas  been  shown  [5]  that  polycyclic  ketones  and  hydrocarbons  can  be  synthesized  with  tne  help  of 
sulfuric  acid  hydrolysis  of  unsaturated  compounds  containing  a  halogen  atom  at  the  double  bond;  on  treatment 
with  sulfuric  acid,  a-(3-chlorocrotyl)-y-aryl  butyric  acids  undergo  hydrolysis  and  twofold  cycilzation  with  forma¬ 
tion  of  polycyclic  ketones  which  can  be  converted  into  the  corresponding  hydrocarbons. 

A  similar  transformation  of  a  •<3-chlMOciotyl)-y-^2-i!U)Btothyl)-^Kitv’rie  acid  (I)  should  lead  to  keione  (II) 
containing  the  3,4*benzphenanthrene  skeleton; 


(I)  (H) 


It  would  appear  that  in  this  case  closuie  of  ring  C  could  proceed  completely  or  partially  also  in  anomer 
direction  with  formation  of  a  ketone  containing  the  1,2-bcnzanthracene  skeleton.  However,  tne  hteratore  on  the 
cyclization  of  y  ‘(2-naphthyl)-butytic  acids  not  substituted  in  the  side  chain  suggests  that  thJs  posSibilit>'  can  be 
excluded;  in  all  cases  when  y -(2-iiaphthyl)“butyric  acid  (HI)  does  not  contain  a  substituent  in  the  8-posltion,  the 
,  ring  closes  at  position  1,  and  the  product  is  a  compound  of  the  penanthrene  series. 

j 
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Use  may  therefore  be  made,  as  starting  material  for  synthesis  of  compounds  of  the  benzphenanthrene  series, 
of  a  ■(3-chlorocrotyl)-y-(2-naphthyl)-batyric  acid  (I),  which  was  obtained  according  to  the  scheme  below. 
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The  reaction  of  ethylene  oxide  with  the  magnesium  derivative  of  2-bromonaphthalene  was  investigated 
for  the  first  time  by  Sontage  [6]  who  obtained  from  153  g  of  bromo  compound  a  total  of  13  g  of  impure  6  -(2- 
naphthyl)-ethyl  alcohol  (IV).  Karret  and  cO“Woikers  [7],  however,  succeeded  in  obtaining  this  aicohoi  by  the 
same  route  in  a  yield  of  45*70  of  theory.  This  differepce  in  yields  and  the  poor  reproducibility  of  the  experiments 
were  explained  by  Yu.  S.  Zalkind  [8]  who  showed  that  the  Grignard  reagent  from  2-bromonaphth.alene  is  extra¬ 
ordinarily  easily  oxidized  by  oxygen  of  the  air,  so  that  the  product  of  the  subsequent  reaction  will  always  contain 
a  considerable  amount  of  6-naphthol.  Using  the  Grignard  solution  prepared  according  to  Yu.  S  Zalkind's  mstructions 
in  a  hydrogen  stream,  we  were  able  to  prepare  alcohol  (IV)  in  a  yield  of  69-70*7o 

6'(2-Naphthyl)-ethyl  bromide  (V)  was  previously  prepared  by  Karrer  and  coworkers  [7]  by  reacting  alcohol 
(FV)  with  phosphorous  tribromide;  they  did  not  state  the  yield  It  was  ascertained  that  bromide  (V)  may  be  prepared 
in  82<7b  yield  by  boiling  a  mixture  of  alcohol  (IV)  with  hydrobromic  and  sulfuric  acids 


Acid  (I),  as  shown  in  the  scheme,  was  prepared  from  bromide  (V)  and  l,3  <lichIorobutene'2  by  the  malonic 
synthesis.  Hydrolysis  and  double  cyclization  of  acid  (I)  was  effected  with  the  help  of  sulfuric  acid  of  s.g.  1.78  at 
45-55*  in  a  carbon  dioxide  atmosphere.  As  was  to  be  expected,  the  product  of  cyclization  was  6“keto-€,7,8,8a,9, 
10-hexahydro-3,4-benzphenanthrene  (II),  which  was  formed  in  69*70  yield. 

Attempts  to  dehydrogenate  this  ketone  with  selenium  and  sulfur  were  unsuccessful;  with  selenium  a  resin 
was  formed  from  which  it  was  impossible  to  isolate  a  pure  substance;  with  sulfur  a  crystaliirie  product  was  obtained 
which  contained  sulfur  and  was  not  further  examined. 


On -dehydrogenation,  however,  with  platinum  black  as  well  as  with  palladium  black,  and  after  removal 


1 

of  small  amounts  of  neutral  products  from  the  dehydrogenated  material,  there  was  obtained  6-hydroxy-3,4- 
benzphenanthrene  (DC)  in  IBPjo  yield.  By  distillation  with  zinc  dust,  this  substance  was  reduced  to  3,4-benz- 
phenanthrene  which  was  identified  through  the  picrate.  The  yield  of  benzphenanthrene  was  bVh  of  the 
theoretical. 


9H 


The  presence  of  the  carbonyl  group  i^ovided  the  possibility  of  passage  horn  ketone  (II)  to  homologs  of 
benzphenanthrene  containing  substituents  in  the  6-position.  Since,  however,  ketone  (II)  is  an  o, 6 -unsaturated 
ketone  another  possibility  was  addition  of  Grifenard  reagent  at  the  1,4- position’ with  formation  of  saturated  ketones 
substituted  at  the  angular  carbon  atom  4b.  ,  In’that  case  dehydrogenation  of  the  reaction  products  would  be  accom¬ 
panied  by  cleavage  of  alkyl  groups  from  the  quaternary  carbon  atom  to  give  3, 4- benzphenanthrene  or  its  6-hydroxy 
derivative  as  end-product.  In  the  present  case,  however,  this  course  of  the  reaction  would  be  improbable  because 
addition  of  an  alkyl  group  to  the  carbon  atom  4b  would  be  sterically  hindered. 

Dehydrogenation  of  the  product  of  reaction  of  ketone  (II)  with  excess  of  methyl  magnesium  iodide  gave 
the  6-methyl-3,4-benzphenanthrene  previously  described  by  Hewett  [1]  and  it  was  identified  through  the  picrate. 
Thus  the  Grignard  reagent  had  added  on  at  the  carbonyl  group  of  the  ketone.  Siimlarly,  by  the  action  on  the 
ketone  of  the  Grignard  reagents  prepared  horn  ethyl  bromide  and  bromobenzene  there  were  obtained  6-ethyl- 
and  6*phenyl-3,4-benzphenanthrenes,  not  previously  described  m  the  literature.  These  hydrocarbons  were  (Stained 
in  yields  of  62-847o. 

The  6-methyl  homolog,  like  other  monomethyl  benzphenanthrenes,  is  carcinogenically  active  [9].  In 
view  of  the  fact  that,  contrary  to  expectations,  the  9Hiiethyl-10-ethyl-l, 2-benzanthracene  synthesized  by 
Mikhailov  and  Chernova  [10]  did  not  surpass  9,10-dimethyl  benzanthracene  in  activity  [11],  it  is  also  of  mterest 
to  investigate  the  biological  properties  of  6-ethyl  and  6-phenyl  benzphenanthrenes. 

EXPERIMENTAL 

The  initial  2-bromonaphthalene  was  prepared  by  the  method  of  Newman  and  Wise:  Thermal  decomposi¬ 
tion  of  a  mixture  of  the  dry  double  salt  of  naphthyl  diazonium  chloride  with  mercuric  bromide  and  sodium  bromide. 

d'(24Japhthyl)-ethyl  alcohol  (IV).  Into  a  mixture  of  11.4  g  active  magnesium  and  a  small  amount  of  dry 
ether  was  poured  a  few  milliliters  of  a  solution  of  100  g  2-bromonaphthalene  in  400  ml  absolute  ether;  the  mixture 
was  heated  to  boiling  on  the  water  bath  and  to  it  was  added  2  ml  Grignard  solution  prepared  from  a  mixture  of 
ethyl  chloride  and  2-bfomonaphthalene.  After  the  reaction  had  started,  addition  was  made  to  the  reaction  mixture 
over  a  short  period  of  all  the  remaining  2-bromonaphthalene  solution.  The  reaction  was  performed  at  the  boil  and 
with  continuous  passage  of  a  slow  stream  of  dry  hydrogen.  From  time  to  tune  the  mixture  was  stirred  mechanically. 
The  reaction  was  substantially  completed  after  3  hours  when  0.5-0. 8  g  magnesium  remained  in  the  flask.  The 
solution  was  cooled  in  a  freezing  mixture  and  gradual  addition  was  made,  with  intensive  mechanical  stirring,  of 
an  excess  (20-25  g)  of  ethylene  oxide  in  absolute  ether.  The  thickened  mass  was  left  overmght  and  men  boiled  on 
the  water  bath  for  2  hours.  The  ice-cooled  reaction  mixmre  was  decomposed  with  dilute  hydrochloric  acid  and 
the  contents  of  the  flask  were  then  subjected  to  steam-distillation  with  the  aim  of  removing  unreacted  bromo- 
naphthalene  and  the  naphthalene  formed  by  decomposition  of  the  Grignard  reagent.  Steam-distillation  was  con¬ 
tinued  until  there  was  substantially  no  precipitation  of  crystalline  material  on  the  walls  of  the  condenser.  The 
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organic  substance  remaining  in  the  flask  solidified  on  cooling  and  was  dtssnl  ved  in  ether;  t  he  ether  soluion  | 

was  washed  with  weak  alkali  and  then  water  before  dryirig  with  sodium  sulfate.  T.he  residue  after  driving 

off  the  ether  was  distilled  in  vacuum.  At  180-184*  and  15  mm,  58  g  (69.8^  of  theory)  distilled  over  as  a  light- 

yellow  liquid  which  crystallized  completely  in  the  receiver.  After  recrystallization  from  petroleum  ether  the 

colorless  crystals  melted  at  67-68*. 

0  1032  g  substance:  0.3184  g  CO|;  0.0666  g  HjO.  Found  C  34.14;  H  7.17,  CjjH^O.  Calculated 

C  83.7;  H  6.99. 

6  <2-Napnthyl)-ethyl  bromide  (V).  A  mixture  of  108  g  alcohol  (IV),  250  mi  hydrobromic  acid  (s.g.  1.52) 
and  50  ml  cone,  sulfuric  acid  was  refluxed  for  4-5  hours.  The  mixture  was  cooled  and  diluted  with  water  when 
the  bromide  crystallized;  this  was  dissolved  in  ether,  washed  with  alkali  and  then  with  water,  and  dried  with 
sodium  sulfate.  After  driving  off  the  ether  the  residual  crystalline  substance  was  distilled  in  vacuum  when  121.2 
g  bromide  (82^  of  theory)  came  over  at  138-140*  and  3  mm.  Colorless  crystals  with  m.p.  64-65“ 

0.1123  g  substance:  0  0893  g  AgBr.  0.1152  g  substance:  0.0922  g  AgBr.  Found  Br  33.84,  34.05. 

CifH^Br.  Calculated  <^o-  Br  34  O^o 

B-(2-Naphthyl)-ethyl  maionate  (VI).  To  the  sodium  ethyl  maionate  p  epared  from  14.2  g  sodium,  170  g 
absolute  alcohol  and  100  g  ethyl  ma.!.onate  was  added  92  g  of  crystalline  bromide  (V).  The  mixture  was  boiled 
for  5  hours.  After  cooling,  the  mixture  was  diluted  with  water,  acidified  w_ti  hydrochic«ic  acid  until  weakly 
acid,  the  straw-colored  liquid  product  was  dissolved  in  ether,  the  ether  soxution  was.hed  with  water  and  dried  with 
sodium  sulfate.  After  the  solvent  nad  been  driven  off,  the  product  distilled  at  198'  a;d  3  mm.  80  05  g  (65.25<5i» 
of  theory)  of  ester  (VI)  was  obtained. 

df  1.0976;  ng  1,5420. 

0.1110  g  substance:  0.2260  g  CO,;  0.0732  g  H,0.  Found  <7o-  C  72.72;  H  7.32.  Calculated  <70: 

C  72.61;  H  7.0. 

[6  -(2^^aiAithyI)-et.hyl‘(3-chloro)-crotyl]-malonate  (VII).  To  a  solution  of  sodium,  aiconolate  prepared 
from  4.4  g  sodium  and  50  ml  absolute  alcohol  was  added  59  g  of  the  monosubstuuted  maionate  (VI).  The 
mixture  was  heated  on  the  water  bath  for  30  min.,  after  which  it  wa^’cooled  to  room  temperature.  Gradual 
addition  was  then  made  of  30  g  freshly  distilled  l,3-dichlorobutene'’2.  The  mixture  was  refluxed  for  5  hours, 
then  cooled,  and  addition  made  of  dilute  hydrochloric  acid  in  amount  sufficient  to  dissolve  the  formed  salt. 

The  product  was  extracted  with  ether,  the  ether  solution  washed  with  water  and  dried  with  sodium  sulfate.  After 
driving  off  the  ether,  the  product  distilled  at  230-231*  at  3mm,  giving  61.9  g  (81.8“7o  of  theory)  of  the  disubstituted 
maionate  (VII)  as  a  viscous,  light-yellow  liquid. 

df  1.123;  ng  1.5460, 

0.1134  g  substance:  0.0413  g  AgCI,  0.1132  g  substance:  0.0414  g  AgCi  Fo>:nd Ci  9.01,  9,05. 

Calculated  Ci  8.81. 

[6-(2“Naphthyl)-ethyl-(3-chioro)crotyl]-malonic  acid  (VUJ).  A  mlxxuie  of  90  g  ester  (VII),  27.2  g 
sodium  hydroxide  and  380  g  90^o  alcohol  wa«  boiled  on  iLe  ^are*  bath  fa.  4  .hours,  foiiowing  which.  150  ml 
water  was  added  and  the  alcohol  completely  distilled  off.  The  solution  was  acidified  with  hydrochiorlc  acid 
when  a  heavy' oil  separated.  The  substance  was  dissolved  in  erhe:,  washed  with  water  ar.d  dried  with  sodium 
sulfate.  The  crystalline  substance  remainmg  after  removal  of  me  ether  was  washed  with  be.nzeie  There  was 
obtained  56  g  (70^  of  theory)  of  colorless,  thin  crystals  with  m.p.  16T' 

0.1128  g  subs.aince:  0.0490  g  AgCl.  0.1072  g  substance:  0.0458  g  AgCl.  Found  <70'  Ci  10.75,  10.57. 

CjyHj^O^Cl.  Calculated  *7^:  Cl  10,25. 

a-<3-Chl<KOcrotyl)-y-(2‘-paphthyl)-butytic  acid  (I).  10  g  of  the  pure  dibasic  ac_d  (VII)  was  decomposed 
by  heating  over  the  naked  flame.  The  resultant  thick  oil  wa.s  distilled  at  234-235^'  a:  4  nun,  g:lving  8.3  g  (95<7» 
of  theory)  (rf  a  light -yellow,  viscous  oil 

df  1.1568;  ng  1.5848. 

0.1143  g  substance;  0.0510  g  AgCl.  0.1291  g  substance:  0.0630  g  AgCl  Found  Cl  12.10,  12.08. 

CifHi^Cl.  Calculated  V  Cl  11.73. 
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6-Keto-6, 7,8,8a,  9,10-4iexahydro-3,4-benzpRenanthrene  (II).  To  70  a  of  84.5^  salfuiic  acid  was  added  7  g 
acid  (I).  After  standing  for  a  short  period  at  room  temperature,  the  mixture  was  heated  on  the  water  bath  at 
45-65*  in  a  stream  of  carbon  dioxide  for  30  min.  The  heating  was  attended  with  copious  evolution  of  hydro¬ 
chloric  acid.  After  the  substance  had  completely  gone  into  solution  and  the  evolution  of  hydrochloric  acid  had 
ceased,  the  dark-red  solution  was  left  overnight  at  room  temperature.  On  the  following  day  the  contents  of  the 
flask  were  poured  on  to  ice,  the  resultant  'grey'inrecipitate  was  filtered,  carefully  washed  with  dilute  alkali  and 
then  with  water,  dried,  and  recrystallized  from  alcohol.  There  was  obtained  4  g  (69.68^  of  theory)  of  colorless 
crystals  with  m.p.  125-126*. 

0.1203  g  substance!  0.3830  g  CO,;  0.0733  g  1^0.  0.1120  g  substance;  0.357  g  CO^;  0.0672  g  i^O. 

Found  %:  C  86.82,  86.93;  H  6.07,  6.66.  CuH,/).  Calculated  C  87.09;  H  6.45. 

The  2,4-dinitrophenylhydrazone  was  prepared  in  an  alcoholic  medium  and  recrystallized  from  chloro¬ 
form  Red  crystals,  m.p.  173-174*. 

0.1005  g  substance-'  12  ml  N,  (22*.  683  mm).  0.0715  g  substance:  8.8  ml  N,  (27*.  680  mm).  Found  <Ji>: 

N  12.43,  12.52.  C,4H,oN404.  Calculated  <55):  N  13.00. 

Dehydrogenation  of  ketone  (II)  with  sulfur  A  mixture  of  1  g  ketone  (II)  and  0.3  g  powdered  sulfur  was 
heated  at  210*  for  30  minutes  until  no  more  hydrogen  sulfide  came  off,  and  the  contents  of  the  flask  were 
transferred  to  a  porcelain  beaker  and  thoroughly  triturated  with  dilute  alkali,  tnen  filtered  and  washed  with  water. 

The  substance  reuined  on  the  filter  was  dissolved  in  alcohol;  the  alcoholic  solution  was  digested  with  active 
carbon,  filtered,  and  diluted  with  water.  The  resultant  light-yellow  acicular  crystals  melted  at  172-173*.  The 
product  contained  sulfur. 

0.1024  g  substance;  0.056  gBaSQ4.  0.1109  g  substance;  0.059  gBaS04.  Found  <)();  8  7.56,7.30. 

6-Hydroxy-3,4-benzphenanthrene  (IX).  A  mixture  of  0.8  g  catalyst  (palladium  on  carbon,  5^  metal 
content)  and  2  g  ketone  (II)  was  heated  in  a  carbon  dioxide  stream  at  300-320*  for  1  horn.  The  product  was 
extracted  with  benzene,  the  solution  filtered  off,  treated  with  dilute  alkali  solution  and  dried.  After  removal 
of  the  benzene  there  was  not  a  large  amount  of  neutral  dehydrogenation  products.  Acidification  of  the  alkaline 
solution  led  to  separation  of  a  viscous  oil  which  was  dissolved  in  ether.  After  removal  of  the  ether,  the  residue 
was  dissolved  in  alcohol  and  the  alcoholic  solution  digested  with  active  carbon.  Dilution  of  the  filtered  solution 
with  water  brought  down  white,  fluffy  crystals  in  an  amount  of  1.55  g  (78.8^  of  theory).  M.p.  of  the  colorless 
crystals  108-110*. 

0.1034  g  substance:  0.3350  g  CO|;  0.049  g  H,0.  Founder  C  88.35;  H  5.26.  CigHoO.  Calculated 

C  88.52;,  H  4.91. 

The  dark -red  picrate,  recrystallized  from  alcohol,  had  m  p.  147-148*. 

0.0728  g  substance:  6.2  ml  N,  (21*,  680  mm).  Found  N  8.85.  C,4H,5N,Og.  Calculated  N  8.88. 

3,4^nzphenanthrene.  A  homogeneous  mixture  (f  1.5  g  6-hydroxy -3, 4-ber.zpherianihrene  and  12  g  zinc 
dust  was  heated  in  a  quartz  test  tube  to  dark-red  heat  and  the  heating  continued  until  no  mote  viscous,  dark  oil 
separated.  The  ix'oduct  was  dissolved  in  ether,  the  solution  was  washed  with  alkali  and  then  with  water  and 
dried  with  sodium  sulfate.  The  oil  remaining  after  removal  of  tne  ether  was  rubbed  with  a  small  amount  of 
alcohol,  when  it  crystallized.  The  alcoholic  solution  of  the  substance  was  digested  with  active  carbon,  and  the 
greater  part  of  the  solvent  was  driven  off  from  the  filtered  solution  A  precipitate  of  coro-iess  acicular  crystals 
was  formed  in  quantity  of  0.7  g  (50^  of  theory,  m.p.  67-68*. 

0.1023  g  substance;  0.3557  g  COj;  0.0536  g  I%0.  Found C  94.82;  H  5,82.  C|,H],.  Calculated*^; 

C  94.73;  H  5.27. 

The  picrate  had  a  brick -red  color  and  melted  at  126*  (from  alcohol). 

0.0986  g  substance;  9.1  ml  N,  (23*,  677  mm).  0.0940  g  substance:  8.6  ml  1^  (23®,  677  mm).  Found 

N  9.33,  9.47.  C,4HaNjO,.  Calculated  N  9.20. 

6-Methyl-,  6-ethyl-  and  6-phenyl-3,4-benzphenanthrenes  (X).  These  hydrocaiboas  were  prepared  in  the 
following  manner;  To  a  Grignard  reagent  prepared  from  a  3-  to  4-fold  molar  excess  of  the  conesponding  alkyl 
(aryl)  halide  was  added  6-10  g  ketone  (II);  the  mixture  was  boiled  on  the  water  bath  for  2  hours  and  left  overnight. 
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While  cooling  with  ice-water,  the  reaction  mixture  was  decomposed  by  addition  of  water  and  dilute  hydrochloric 
acid,  the  product  was  extracted  with  ether,  and  the  ethereal  solution  was  washed  and  dried.  Removal  of  the 
ether  left  a  viscous  oil  which  was  dehydrogenated  with  platinum  black  (approximately  0.1  g  black  pet  1  g 
substance)  at  300-320*  for  about  30  min.  The  product  was  extracted  with  benzene,  the  benzene  solution  was 
filtered  from  catalyst,  and  the  benzene  removed.  Phenyl  benzphenanthrene  was  obtained  in  the  crystalline  form 
after  removal  of  the  benzene.  The  methyl  and  ethyl  benzphenanthrenes  were  distilled  in  vacuum.  The  ethyl 
derivative  crystallized  in  the  receiver  during  the  distillation,  but  the  methyl  compound  was  only  obtained  in 
the  crystalline  form  after  conversion  of  the  vitreous  product  into  the  picrate,  recrystallization  of  the  pictate 
from  methyl  alcohol  and  decomposition  with  aqueous  ammonia.  The  hydrocarbons,  likewise  the  picrates,  were 
purified  by  recrystallization  from  ethyl  alcohol,  with  the  exception  of  the  picrate  of  phenyl  benzphenanthrene 
which  was  purified  with  the  help  of  benzene  since  it  decomposed  into  its  constituents  when  treated  with  alcohol. 

In  the  table  are  shown  the  i^operties  and  yields  of  the  hydrocarbons  and  their  picrates,  also  the  analytical 

data. 
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76.92 

94.06 

5.94 

94.21 

5.78 

- 

j 

- 

CjHj 

215-218 
(2.5  mm) 

82-83 

62 

93.88 

6.54 

94.75 

6.25 

104-105* 

i  8.93 

1 

8.66 

CaHj 

127-128 

84.35 

94.77 

SI 

5.72  j  94.73 

JMMARY 

5.47 

107-108 

'  8.17 

7.88 

It  is  shown  that  under  the  action  of  sulfuric  acid,  a -(3-chlorocrotyl)-  y -(2-naphthyl)butyric  acid  undergoes 
hydrolysis  and  double  cyclization  to  form  6-keto-6, 7,8,8a,  9,10-hexahydro-3,4-benzphenanthrene.  Dehydrogenation 
of  this  ketone  gave  3,4-benzi^nanthrene  in  50^  yield. 

The  above  a  ,8 -unsaturated  ketone  adds  on  alkyl  magnesium  halides  at  the  double  bond  of  the  carbonyl 
group.  S^ethyl-,  6-ethyl-  and  6-phenyl-3,4-benzphenanthrenes  were  synthesized  by  dehydrogenation  of  the  prod¬ 
ucts  of  reaction  of  the  ketone  with  the  corresponding  Grignard  reagents. 
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IV.  REACTIONS  OF  ALKANESULFOCHLORIDES  WITH  BENZIDINE 

A.  G.  Kostsova 


The  objective  of  this  investigation  was  the  study  of  the  reaction  of  alkane  sulfochlorides  with  a  more 
complex  amine,  namely,  the  bicyclic -diamine  benzidine  [1].  This  reaction  could  proceed  according  to  one  of 
the  schemes  below  or  according  to  the  two  schemes  concurrently: 

1.  RSOjCl  NH,C«H4-C^NH,  =  RS0,NHC,H4*C*H4NH,  +  HCl; 

2.  2RSO,Cl  +  NH,C,H4*C*H4NH,  =  RSOiNHC^U^-C^HiNHSOiR  +  2HC1, 

i.e.  in  the  first  case  a  mono-(alkanesulfo}-benzidide  could  be  formed  and  in  the  other  a  di-(alkanesulfo)-benzidide. 

We  proceeded  to  investigate  this  reaction,  also  the  effect  of  the  conditions,  particularly  solvents  and 
temperatures.  The  reaction  was  performed  by  heating  to  70*  and  also  at  room  temperature,  using  alcohol  at 
pyridine  as  reaction  media.  Examination  of  the  reaction  products  revealed  that  in  all  cases  di-(alkanesulfo)* 
benzidide  is  formed,  and,  as  a  rule,  benzidine  hydrochloride  is  obtained  as  a  secondary  product.  Thus  the 
reaction  proceeds  according  to  the  scheme; 

2RSO,Cl  ♦  2NHC,H4*C4ll4NH,  =  RSO^NHCaHi-CaHiNHSOiR  ♦  HC1*NH,C4H4-C,H4NH,'HC1. 

We  reacted  methane*,  ethane*  and  butanesulfochlorides  with  benzidine.  The  reaction  products  were 
grey*pink,  amori^ous  powders,  melting  above  200*  with  decomposition,  very  difficultly  soluble  in  the  majority 
of  solvents.  In  the  cold  they  dissolve  fairly  readily  in  pyridine,  and  when  heated  they  partially  dissolve  in 
alcohol.  They  dissolve  in  alkali  from  which  they  are  brought  down  by  acidification  with  dilute  sulfuric  or 
hydrochloric  acid.  This  property  was  exploited  in  separating  them  from  by-products. 

EXPERIMENTAL 

1.  Reaction  of  methanesulfochloride  with  benzidine  in  a  pyridine  medium.  To  2.4  g  benzidine  dissolved 
in  10  ml  pyridine  was  gradually  added  1.5  g  methanesulfochloride.  The  temperatme  rose  to  70*75*  and  a  dark* 
red  ixecipitate  came  down.  The  reaction  mixture  was  left  for  24  hours  at  room  temperature,  and  the  precipitate 
then  collected  and  dried.  Examination  of  the  solubility  of  the  precipitate  in  water  revealed  that  a  portion  was 
readily  soluble  and  went  into  solution,  while  a  portion  remains  undissolved,  thus  demonstrating  the  heterogeneity 
of  the  cmde  product.  Two  methods  were  used  for  separating  the  components. 

a)  Half  of  the  crude  product  was  treated  with  boiling  water,  a  portion  going  into  solution.  A  grey-white 
crystalline  substance  came  down  from  the  solution  on  cooling,  and  was  identified,  through  the  nitrogen  determi¬ 
nation,  as  benzidine  hydrochloride. 

0.1057  g  substance:  8.12  ml  0.1  N  HjSO^.  Found  N  10.74.  CuH^NjCl,.  Calculated  «^:  N  10.89. 

The  water-imoluble  portion  was  found  to  contain  nitrogen  and  sulfur  but  no  halogen.  The  analytical 
data  are  consistent  with  it  being  the  basic  reaction  product,  di-(methanesulfo)-benzidide  with  the  structure  ( 
CH|SO,NHC,H4--‘C^H4NHSC)iCH,. 

0.1240  g  substance;  7.13  ml  0.1  N.  I^SO^.  Found  <^:  N  8.05.  Cj4Hi^4l^S|.  Calculated  5*:  N  8.23.  ^ 

The  product  was  purified  by  dissolving  in  pyridine  and  precipitating  with  water.  It  melts  above  200* 
with  decomposition. 

b)  Our  second  method  of  separating  the  reaction  product  from  benzidine  hydrochlcxide  was  based  on 
the  solubility  in  alkali  and  on  the  separation  of  the  product  when  the  alkaline  solution  was  acidified.  The 
second  half  of  the  crude  product  was  dissolved  in  5%  alkali;  the  undlssolved  residue  was  filtered  off  and  the 
alkaline  filtrate  acidified  with  sulfuric  acid  until  the  turbidity  did  not  disappear.  After  standing  for  a  short 
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period  %rith  cooling,  a  pinkish  amorphous  product  came  down  and  was  filtered,  washed  with  water  and  dried.  In 
its  properties  it  resembled  the  product  Isolated  in  the  aqueous  treatment,  as  was  confirmed  by  analysis.  The 
oversell  yield  of  the  product  isolated  by  both  methods  was  50^  of  the  theoretical.  The  same  product  is  formed 
by  heating  on  a  water  bath  under  a  reflux  condenser  for  one  hmir,  i.e.  di‘^methanesulfo}-^nzldide. 

2.  Reaction  of  methanesulfochloride  with  benzidine  in  alcohol.  2.7  g  benzidine  was  dissolved  in  30  ml 
absolute  alcohol  by  heating  on  the  water  bath.  To  the  solution,  cooled  to  room  temperature,  was  added  1.6  g 
methane  sulfochloride  in  smfll  portions.  A  light^ink  precipitate  came  down  and,  after  collection,  was  separated 
into  its  components  by  the  above-described  method.  The  total  yield  of  di-(methanesulfo)-benzidide  was  59^. 

The  same  product  is  obtained  in  70^  yield  by  refluxing  on  the  water  bath  under  the  same  conditions  in  an  alco¬ 
holic  medium.  Consequently,  in  aU  the  conditions  employed  by  us,  one  and  the  same  products  are  formed;  di- 
(methanesulfo)-benzidide  and  (as  by-fwoduct)  benzidine  hydrochloride. 

3.  Reaction  of  ethanesulfochloride  with  benzidine  in  pyridine.  3  g  benzidine,  12  ml  pyridine  and  2.1  g 
ethanesulfochloride  were  taken.  The  reaction  course  and  the  separation  of  products  were  conducted  as  above. 

The  properties  of  the  isolated  di“(ethanesulfo)-benzidide  resembled  those  of  di-(methanesulfo)“benzidide.  It 
melts  above  200*  with  decomposition.  It  was  recrystallized  from  pyridine  and  water.  Yield  50^  of  theory. 

Reaction  in  pyridine  with  heating  gives  a  yield  of  di-^ethanesulfo)-benzidide. 

0.1500  g  subsuncer  7.99  ml  0.1  N  1^804.  Found  N  7.45.  Calculated  N  7.60. 

4.  Reaction  of  ethanesulfochloride  with  benzidine  in  alcohol.  4.6  g  benzidine  was  mixed  with  40  ml 
absolute  alcohol  and  3.2  g  ethanesulfochloride.  Further  procedure  was  as  above.  Yield  72<^  of  the  theoretical. 
Reaction  in  alcohol  with  heating  gave  78^  yield.  Regardless,  therefore,  of  our  experimental  conditions,  ethane¬ 
sulfochloride  gives  di-(ethanesulfo)4>enzidide  as  the  main  product  and  benzidine  hydrochloride  as  by-product. 

5.  Reaction  of  butane  sulfochloride  with  benzidine  in  alcohol.  2.9  g  benzidine,  25  ml  absolute  alcohol 
and  2.5  g  butanesulfochloride  were  taken.  Further  treatment  was  as  above.  Yield  of  di'(butanesulfo)-benzidide 

its  crystalline  structure  was  mtxe  strongly  defined  and  it  was  more  easily  soluble  in  alcohol  than  the  above- 
described  methane-  and  ethanesulfc^nzidides.  It  likewise  melts  above  200^  with  decomposition. 

0.0892  g  subsunce:  3.85  ml  0.1  N  £^^4.  Found  N  6.04.  C„I^4N^S,.  Calculated  N  6.60. 

SUMMARY 

1.  Di-^methanesulfo)-,  di-(ethanesulfo)“  and  di-(butanesulfo)“benzi.dides  have  been  prepared  and  character¬ 
ized. 

2.  It  is  shown  that  the  reaction  proceeds  in  one  dtijrection  regardless  of  the  conditions,  namely,  with 
formation  of  di-^alkancsuifo)-bcnzidide  and  benzidine  hvdrochloride. 

3.  The  reaction  is  shown  to  proceed  more  completely  in  an  alcoholic  medium  when  heated. 
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V.  REACTION  OF  ALKANESULFOCHLORIDES  WITH  a-AMINOPYRIDINE  AND  SULFANILAMIDE 

A.  G.  Kostsova 


The  purpose  of  the  investigation  was  the  study  of  the  reaction  of  alkanesulfochlorides  with  a  -amino- 
pyridine  and  sulfanilamide.  One  of  the  most  important  derivatives  of  a  -aminopyridine  m  the  aromatic  series 
is  sulfidine,  in  which  the  sulfanilic  acid  residue  is  linked  to  the  a -aminopyridine  residue.  The  reaction  is 
represented  by  the  following  equation; 


NH,C8H4S0,C1  +  -^NH,C8H4SOiN 

N 


+  HCl 


N 


We  wished  to  perform  the  reaction  with  alkanesulfochlorides  according  to  the  above  scheme; 


RSOjCl 


♦  HjN — — ►  RSO^NH— + 


HCl 


We  see  from  the  above  equations  that  the  ivoduct  which  we  had  in  view  must  be  similar  in  structure  to 
sulfidine,  but  differs  from  the  latter  in  containing  an  alii^atic  radical  in  place  of  the  NHSC5H4  group  character¬ 
istic  of  sulfidine.  Since  our  investigations  are  largely  concerned  with  the  interaction  of  alkanesulfochlorides 
with  aromatic  amines  [1],  it  was  of  interest  also  to  study  the  reaction  with  a -aminopyridine  with  methanet 
ethane-,  2-methylethane-,  butane-,  2^llethylIMropane- and  2-methylbutanesulfochlorides.  Experiments  showed 
that  the  reactions  proceed  best  of  all  in  benzene  at  room  temperature.  The  products  are  alkane  sulfo-a -amino- 
pyridides  (main  products)  and  a  yellow,  heavy  oil  which  appears  to  be  a  mixture  of  unreacted  a -aminppyridine 
and  its  hydrochloride.  2  Methylethane-sulfochloride  is  somewhat  exceptional  in  that  it  forms,  under  these 
conditions,  a  negligible  amount  of  2^iiethylethane  sulfo  -a  -aminopyridide,  whereas  when  the  reaction  is  performed 
in  acetone  with  heating  the  results  are  entirely  satisfactory.  The  reaction  product — 2-methylethane  sulfo-a - 
aminopyridide  — also  differs  from  the  derivatives  of  the  other  sulfochlorides  in  being  readily  soluble  in  water  in 
the  cold,  whereas  all  the  others  only  dissolve  in  water  when  boiled  and  come  down  again  on  cooling.  Its  melting 
point  is  much  higher  in  comparison  with  the  other  members  of  the  series.  These  differences  are  evidently  the 
consequence  of  structural  features  of  2-methylethylsulfo  a  “aminopyridide  in  which  the  sulfamidine  group  is 
attached  to  the  secondary  carbon  whereas  in  the  other  compounds  it  is  at  a  primary  carbon. 

The  reaction  of  alkanesulfochlorides  with  sulfanilamide  has  been  described  in  the  literature  [2,3].  The 
reaction  was  performed  in  pyridine  and  in  an  alkaline  medium.  It  was  shown  that  its  course  varies  with  the 
medium.  Thus  in  pyridine,  N*-alkanesulfosulfanilamide  is  formed,  and  in  alkali  N^-alkanesulfosulfanilamide, 
which  may  be  represented  by  the  following  scheme; 


pyridine 


RSO^Cl  4-  NH,C4U4S0,NH,- 


■J^RSO,NHC,Il4SOiNH,  ♦  HCl  (I) 


alkali 


-»  NH,C0Fl4SOiNHSO^R  ♦  HCl  (II) 


We  conducted  the  reaction  between  alkanesulfochlorides  and  sulfanilamide  in  an  acetone  medium  with 
heating  on  the  water  bath  under  a  reflux  condenser.  The  constants  and  the  properties  of  the  compounds  which  we 
prepared  show  that  under  our  experimental  conditions  N^-alkanesulfosulfanilamides  are  formed,  i.e.  the  reaction 
proceeds  according  to  variant  (I)  in  the  above  scheme. 
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Sulfanilamide  was  reacted  with  methane^,  ethane-  and  2^TiethyliM:opanesulfochlorides.  The  table  lists 
the  compounds  prepared,  their  melting  points  and  their  solubilities. 


Compounds 

Formulas 

M.p. 

1  Solubility 

Water 

Alcohol 

Alkali 

Acetone 

Benzene 

Methanesulfo-a  -aminopyridide 

CHjSOjNHCflliN 

194° 

1  Poor 

Poor 

Good 

Good 

Good 

Edianesulfo-a  'aminopyridide 

CHjCHjSO^NHCsHjN 

163 

] 

2'Methylethanesulfo-a  -amino 

(CHj),CHSOiNHC5H4N 

203 

Good 

Poor 

Good 

Poor 

Poor 

pyridide 

Butanesulfo-a  -aminopyridide 

CH|CH,CH,CH,SO,NHC5ll4N 

97 

"jpoor 

i 

Poor 

Good 

Good 

Good 

2-Methylpropanesulfo-a  -amino- 

(CH,)jCHCH,SO,NHC5H*N 

103 

1 

i 

pyridide 

i 

2-MethylbutanesulfOTa  -^imino- 

(CH8)tCHCH,CH,SOiNHC5ll4N 

108 

J 

pyridide 

N*-  Methanesulfoanilamide 

CHaSOiNHCfiHLiSOtNH, 

181 

1 

i 

N^^thanesulfosulfanilamide 

CH,CH,SO,NHC(,HiSO,NH, 

176 

^oor 

Good  j 

Good 

Good 

Good 

N*-2  -Methyl propanesul  fosul  fa  - 

(CHj),CHCH,SOjNHC,H4SO,NH, 

151 

J 

nilamide 

EXPERIMENTAL 


1.  Preparation  of  methanesulfo-c -aminopyridide.  4. 9  g  a  -aminopyridine  ( reciystallized  from  petroleum 
edier)  and  3  g  methanesulfochloride  were  dissolved  in  40  ml  benzene.  A  little  heat  was  developed  during  mixing. 
A  reddish-brovm  oil  settled  to  the  bottom  of  the  flask  together  with  fine  crystals.  The  benzene  was  evaporated. 

The  mixture  of  oil  and  crysuls  was  treated  with  cold  alcohol  which  dissolved  the  oil  but  not  the  crystals.  The 
latter  were  filtered  off  and  the  oil  solution  distilled.  The  alcohol  was  driven  off  on  the  water  bath  and  the  residue 
distilled  in  vacuum  (b.p.  106°  at  20  mm).  Only  a  negligible  amount  came  over  under  these  conditions  and 
rapidly  crystallized.  The  greater  part  of  the  oil  decomposed.  The  crystalline  product  melted  at  55°.  A  nitrogen 
determination  showed  this  to  be  unreacted  aMaminopyridine.  The  part  of  the  oil  which  decomposed  during  distilla¬ 
tion  was  apparently  a  mixture  of  a  eminopyridine  hydrochloride  and  a  -aminopyridine.  The  fine  crystals  were 
dried  and  recrystallized  from  water  (or  acetone).  It  ield  35^  of  the  theoretical. 

0.042  g  subsunce:  4.85  ml  0.1  N  l^SO^.  Found  N  16.16.  CgH^l^S.  Calculated^:  N  16.27. 

2.  Preparation  of  ethanesulfo-g-aminopyridide.  2. 9  g  a  -aminopyridine  and  2  g  ethanesulfochJoride  were 
dissolved  in  40  oil  benzene.  In  this  case  a  crystalline  product  was  not  precipitated  at  once.  The  benzene  solu¬ 
tion,  separated  from  the  oil,  was  evaporated  in  a  porcelain  beaker;  with  progressive  evaporation  of  the  benzene 
the  sides  of  the  beaker  became  more  and  more  covered  with  white  crystals  of  ethanesulfo-si~aminopyridide.  It 
was  recrysulllzed  from  water.  "Yield  45^  of  the  theoretical. 

0.1035  g  substance:  11.3  ml  0.1  N  HI,SQ4.  Found  N  15.28.  C^HjANiS.  Calculated  ojot  N  15.05. 

3.  Preparation  of  2-methylethanesulfo-<i  ■^minopyridide.*  In  this  case  the  acetone  was  used  as  reaption 
medium  because  in  benzene  the  yields  are  negligible.  2,4  g  a  aminopyridine  was  dissolved  in  15  ml  anhydrous 
acetone  and  dropwise  addition  was  made  of  2  g  2-methylethanesulfochloride.  Slight  heat  was  developed.  The 
reaction  was  completed  by  heating  on  the  water  bath.  A  layer  of  viscous  yellow  oil  was  fornied  and  fine  white 
crystals  settled  out  at  the  same  time.  The  acetone  was  distilled  off  and  the  oil  drained  from  the  crystals  on  a 
Schott  filter.  The  crystals  were  recrystallized  from  alcohol  since  in  water,  in  contrast  to  the  previous  material, 
they  were  readily  soluble  in  the  cold.  Yield  4(X55)  of  theory.  Reactions  conducted  in  acetone  with  cooling  (+2*) 
and  at  room  temperature  gave  yields  of  35-37^. 

0.1181  g  substance:  11.73  ml  0.1  N  H^SO^j.  0.0950  g  substance:  0.1083  g  BaS04.  Found  N  13.90; 

S  15.63.  C,Hi,0,l^S.  Calculated  <5b:  N  13.99;  S  16.02. 

4.  Iheparatlon  of  butanesulfo-c-aminopyridide.  2.8  g  a -aminopyridine  and  2.3  g  butanesulfochloride 
were  dissolved  in  30  ml  benzene.  Further  treatment  was  as  for  the  preparation  of  methane- and  ethanesulfono - 
aminopyridides.  The  crystals  were  separated  from  the  oil,  washed  with  alcohol,  and  recrystallized  from  water. 

"5 - 

Compound  prepared  and  characterized  by  O.I.Strepetova. 
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Needlco.  field  32^o  of  theory. 


0.0924  g  substance:  8.19  ml  0.1  N  HcSQ^  Found  N  12.40.  C^HmO^I^S.  Calculated*^:  N  13.08. 

5.  Preparation  of  2-methylpropanesulfo-a-aminopyrldide.  2.4  g  a-aminopyridine  and  2  g  2-methyl- 
propanesulfochloride  were  dissolved  in  40  ml  benzene.  The  crystals  remaining  after  evaporation  of  the  benzene 
were  well-formed  prisms.  Recrystallized  from  water.  Yield  30<^  of  theory. 

0.0812  g  substance:  7.38  ml  0.1  N  H,S04  Found N  12.72.  C,Hi40|N,S.  Calculated*^;  N  13.08. 

6.  Preparation  of  2^nethylbutanesulfO"a-amlnopyridide.*  2.2  g  a -aminopyiidine  and  2  g  2^ethyl- 
butanesulfochloride  were  dissolved  in  40  ml  benzene.  The  reaction  products  were  Isolated  as  before.  Yield 
48*71)  of  thetnretical.  When  the  reaction  in  benzene  was  carried  out  with  application  of  heat,  the  yield  fell  to 
IVId  and  the  amount  of  oil  sharply  increased.  Reaction  in  ice  resulted  in  a  yield  of  about  34^. 

0.1142  g  substance:  10  ml  0.1  N  l^SO^.  0  .1720  g  substance;  0.1780  g  BaS04.  Found  N  12.26; 

S  14,19.  CnHi30ib%S.  Calculated  N  12.28;  S  14.03. 

The  oil  isolated  m  all  these  reactions  behaves  similarly,  l.e.  on  distillation  a  small  amount  of  a  -amino- 
pyridine  comes  over  while  the  main  bulk  decomposes.  Its  composition  has  consequently  not  been  finally  established. 

The  prepared  alkanesulfona  -aminopyridides  are  fairly  stable  to  hydrolysis.  Thus,  for  example,  when  they 
are  boiled  in  water,  alkali  and  acid  and  then  cooled,  they  are  quantitatively  recovered  unchanged.  In  the  case 
of  the  alkaline  solution,  the  products  only  come  down  after  acidification  with  a  strictly  equivalent  amount  of  acid. 

If  an  excess  of  acid  is  used,  the  product  again  goes  into  solution  because  a  salt  is  apparently  formed  at  the  expense 
of  the  hetero  atom  of  the  pyridine  ring. 

7.  Preparation  of  N^-methanesulfosulfanHamide.  A  mixture  of  4  g  sulfanilamide,  1.7  g  methanesulfo- 
chloride  and  25  ml  acetone  was  refluxed  on  the  water  bath  for  3  hours.  At  the  end  of  the  reaction  the  precipi¬ 
tated  sulfanilamide  hydrochloride  was  separated  and  the  acetone  solution  was  evaporated.  The  residue  was  re¬ 
crystallized  from  aqueous  alcohol.  Yield  83^  of  the  theoretical. 

0.060  g  substance;  4.73  ml  0.1  N  HgS04.  Found  N  11.03.  C7Ht|04l^S,.  Calculated  <7();  N  11.20. 

8.  Preparation  of  N*-ethanesulfosulfanilamide.  2  g  ethanesulfochloride  and  5  g  sulfanilamide  were  taten 
in  25  ml  acetone.  Further  procedure  as  above.  Yield  52^  of  the  theoretical. 

0.1638  g  substance;  12.61  ml  0.1  N  1^804.  Found  <7();  N  10.77.  CaH]|04^S,.  Calculated  <7(1;  N  10.60. 

9.  Preparation  of  N*»g^iiethylpropanesulfosulfanllamtde.  2  g  2-methylptopane8ulfochl<xide  and  2.3  g 
sulfanilamide  were  reacted  in  20  ml  acetone.  Separation  and  purification  of  product  were  canied  out  as  above. 

0.0930  g  substance:  6.35  ml  0.1  N  H,S04.  Found 'Tb:  N  9.55.  CmHij04N,S,.  Calculated  *71):  N  9.58. 

SUMMARY 

1.  Methane-,  ethane-,  2Hnethylethane-,  2-methylixopane-,  butane- and  2 -me thy Ibutanesulfo^ -amino¬ 
pyridides  have  been  prepared  for  the  first  time  and  characterized. 

2.  The  exceptional  behavior  of  2-methylethanesulfochloride  in  its  reaction  with  a -aminopyridine  is 
shown  in  relation  to  solvents  and  in  relation  to  the  properties  of  the  resultant  2-methylethanesulfo-a  -aminopyridide. 

3.  N*-Methane,  N*-ethane-  and  N*-2^nethylpropanesulfosulfanilamides  have  been  prepared  and  characterized. 
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*  Compound  prepared  and  characterized  by  V.  I.  Sergeeva. 
••See  Consultants  Bureau  translation,  p.  307. 
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ALKANESULFONIC  ACIDS 


VI.  REACTIONS  OF  ALKANESULFOCHLORIDES  WITH  ANILINE  AND  p-ANISIDINE 

A.  G.  Kostsova 


As  we  have  already  pointed  out  In  previous  communications [1],  N-substttuted  amides  of  alkanesulfonic 
acids  have  only  recently  been  the  subject  of  investigation.  Some  of  them  were  prepared  in  our  laboratory. 

These  include  acyl  amides,  anilides,  p-toluidides,  phenetidides,  a  -  and  S-naphthylamino  derivatives  of  chloro* 
methane*  and  a  *chloroethanesulfonic  acids. 

Among  other  Russian  researches  in  this  field  reference  may  be  made  to  the  work  of  Melnikov  [2]  which 
occupies  a  rather  special  place  in  the  sense  that  we  have  in  view  chiefly  N-alkyl-  and  aryl-substituted  amides, 
whereas  this  author  prepared  a  whole  series  of  N-dlchloramides  of  alkanesulfonic  acids  possessing  high  germicidal 
activity.  Incidentally  we  may  say  that  all  the  N-dichloramiddit||Of  chloromethanesulfonic  acids  described  by 
Melnikov  were  prepared  by  us  (as  that  author  also  notes)  as  far  back  as  1935  [3]. 

Interest  in  the  alkanesulfonic  acids  and  their  derivatives  grows  each  year  since  the  sulfonic  acids  and 
their  diverse  derivatives  (acid  chlorides,  amides,  N-substituted  amides,  esters,  etc.)  have  found  practical  applica¬ 
tion  in  various  branches  of  the  chemical  industry  [4].  Our  present  investigation  concerns  N*aryl  amides  of  un¬ 
substituted  alkanesulfonic  acids.  Of  these  the  p-toluidides  and  the  p-fdienetidides  have  been  fairly  closely  des¬ 
cribed  in  the  literature  [5].  We  considered  it  of  interest  to  perform  the  reaction  of  alkanesulfochlorides  with 
aniline  and  p-anisidine.  The  reaction  of  alkanesulfochlorides  with  aniline  has  been  inadequately  studied.  There 
are  short  notes  in  the  literature  on  the  anilide  of  methanesulfonic  acid  and  certain  other  anilides  [6].  We  have 
prepared  and  described  the  anilides  of  chloromethane-  and  a  -chloroethanesulfonic  acids  [1].  In  the  present  in¬ 
vestigation  we  have  prepared  the  anilides  of  methane-,  ethane-,  2-methylethane-,  2-methylpropane-  and  2-methyl- 
butanesulfonic  acids.  The  reaction  was  carried  out  in  ether  as  the  medium,  using  one  equivalent  of  sulfochlwide 
to  two  equivalents  of  aniline  in  accordance  with  the  equation: 

RSO,Cl  *  2CeHBNH|  =  RSO^NHC«Hs  +  C«HsNl%*HCl. 

The  prepared  amides  present  a  twofold  interest:  1)  They  are  interesting  for  the  problem  of  the  effect 
of  substituents  in  the  benzene  ring  upon  the  properties  of  the  compounds;  2)  the  reaction  of  anilide  formation 
can  be  applied  to  separation  of  primary  and  secondary  amines  as  has  been  done  with  aromatic  sulfochlorides  [7]. 
Separation  is  based  on  the  ability  of  primary  amines  to  form  products  with  sulfochlorides  which  are  soluble  in 
alkalis,  while  secondary  amines  give  products  which  are  insoluble  in  alkalis. 

We  are  the  first  to  have  carried  out  the  reactions  of  alkanesulfochlorides  with  p-anisidine.  The  reactions 
proceed  according  to  the  above  scheme.  They  were  carried  out  under  the  same  conditions  as  for  aniline.  We 
have  prepared  ethane-  and  2^ethylethanephenetidides.  The  first  of  these  is  mentioned  in  the  literature  [5]. 
Latimer  and  Bost  obtained  it  by  reacting  ethane sulfochloride  with  p-phenetidine  in  a  pyridine  medium.  We 
repeated  the  preparation  in  an  ethereal  medium.  The  second  was  prepared  by  us  for  the  first  time.  We  prepared 
the  anilides  and  p-anisidides  of  methane-,  ethane-,  2-methylethane-,  2^nethyli;xopane-,  2Hnethylbutanesulfonic 
acids  and  the  p -phenetidides  of  ethane-  and  2-methylethanesulfonic  acids,  Whose  properties  are  set  out  in  Tables  1 
and  2. 

We  see  from  these  tables  that  all  the  compounds  are  crystalline  and  have  well-defined  melting  points 
which  can  be  used  for  identification  of  alkanesulfonic  acids.  It  is  noteworthy  that  the  melting  points  of  deriva¬ 
tives  of  2-TOethylethanesulfonic  acid  are  much  higher  than  those  of  neighboring  members  of  the  series.  Evidently 
the  effect  of  die  location  of  the  sulfamide  group  at  the  secondary  carbon  is  here  manifested.  These  tables  also 
show  that  the  introduction  of  alkoxyl  groups  (CH3O,  Cgl%0)  into  the  aromatic  nucleus  of  anilides  usually  raises 
the  melting  point.  The  good  solubility  of  these  compounds  in  alkalis  was  utilized  for  their  separation  from  the 
reaction  mixture;  they  were  subsequently  precipitated  by  acid  from  the  alkaline  solution.  We  recrystallized  the 
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reaction  products  from  hot  water  or  by  dissolving  them  in  a  little  alcohol  and  precipitating  with  water. 


TABLE  1 

Anilides  of  alkane  sulfonic  acids 


Name  of  compounds 


Formula 


M.p.  _ Solubility _ 

Water  |  Alkali  |  Benzene  |  Ether  |  Alcohol 


Name  of  compounds 


Methanesulfanisidide 

Ethanesulfanisidide 

2-Methylethanesulfanisidide 

2^ethylpropanesulfanisidide 

2-Methylbutanesul  fanisidide 

Ethanesulfophenetidide 


CH,S0,NHC,H40CH, 

cH|CH|SOsNHc,H4Cx:h, 

(CH,)tCHS0^NHCcN4PCHt 

(CH,),CHCi4sO|NHC«H«OCH, 

(ch,),chch,so,nhc,H4Cx:h, 

CH,CH|SO,NHC«HiOCtH| 


Solubility 


Benzene 


Good  Good  Good  Good 


2'Methylethanesulfophenetidide  (CH|)|CHS0|NHC(N40CtHg  |  95  J  | 

EXPERIMENTAL  • 

The  starting  tulfochltvides  were  prepared  as  described  in  preceding  communications  [1].**  The  aniline 
and  the  p-phenetldine  were  freshly  distilled;  the  p-anisidine  was  recrystallized  from  water. 

1.  Preparation  of  methanesulfanilide.  2  g  methanesulfochloride,  3.2  g  aniline  and  30  ml  absolute  ether 
were  refluxed  on  the  water  bath.  At  the  end  of  the  reaction  the  precipitated  aniline  salt  was  separated;  the 
ethereal  filtrate  was  either  evaporated  or  the  ether  was  distilled  off.  The  residue  was  dissolved  in  dilute  alkali 
(5<^)  and  precipitated  with  dilute  sulfuric  acid.  Yield  AQPjo  of  the  theoretical. 

0.0650  g  substance.  3.8  ml  0.1  N  H1SO4.  0.0989  g  substance:  0.1365  g  BaS04.  Found  N  8.18; 

S  18.92.  CyHyO^NS.  Calculated  <1^;  N  8.18;  S  18.71. 

2.  Preparation  of  ethanesulf anilide.  4.35  g  ethanesulfochloride  and  6.3  g  aniline  were  reacted  in  40  ml 


ether.  The  product  was  separated  and  purified  as  above.  Yield  65*1^  of  the  theoretical. 

0.0800  g  substance;  4.24  ml  0.1  N  H1SO4.  0.090  g  substance;  0.1134  g  BaS04.  Found  N  7.42; 

S  17.28.  C,HaO,NS.  Calculated  N  7.56;  S  17.29. 

3.  Preparation  of  2-methyleThanesulfanilide.  2  g  2-methylethanesulfochloridc  and  2.6  g  aniline  were 


reacted  in  25  ml  ether.  Further  procedure  as  above.  Yield  53^o  of  the  theoretical.  Reaction  in  ether  at  room 
temperature  gives  the  same  product  in  50^  yield.  Reaction  in  benzene  with  heating  gives  a  yield  of  577o,  with¬ 
out  heating  a  yield  of  43^0.  Reaction  without  a  solvent  gives  a  yield  of  64-65<7o.  In  the  latter  case  a  mixture  of 
two  crystalline  products  is  formed:  aniline  salt  and  2-methylethanesulfanilide.  The  mixture  was  fractionated 
either  by  extraction  with  ether  (in  which  the  salt  is  poorly  soluble)  or  by  direct  recrystallization  from  water  (both 
products  dissolve  in  hot  water  but  only  the  reaction  product  comes  down  on  cooling).  Two  recrystallizations  lead 
to  a  perfectly  pure  product. 

0.1296  g  substance;  6.44  ml  0.1  N  H1SO4.  0.1263  g  substance:  0.1466  g  BaS04.  Found  <7e:  N  6.95; 

S  15.91.  C,Hi,O^NS.  Calculated  «lo'-  N  7.03;  S  16.08. 

*  Strepetova  and  Sergeeva  participated  in  the  experimental  work. 

*•  2-Methylethanesulfochloride  was  prepared  by  this  method  for  the  first  time. 


1478 


I.  Preparation  of  2^ethylpropanesulfaiiillde.  4  g  2-inethylpropanesulfochlorlde  was  reacted  with  4.6  g 
aniline  in  20  ml  ether.  Procedure  as  above.  When  the  cmde  reaction  product  was  dissolved  in  alkali  and  then 
precipitated  with  acid,  a  crystalline  product  did  not  separate  but  a  yellow  oil  came  down  which  could  only  be 
crystallized  by  very  intense  cooling  and  prolonged  rubbing  with  a  glass  rod.  Yield  35^  of  the  theoretical. 

0.0980  g  substance;  4.5  ml  0.1  N  HtS04.  0.1102  g  substance:  0.1195  g  BaSO^.  Found  N  6.42; 

S  14.86.  CxtHigOtNS.  Calculated ‘9>:  N  6.57;  S  15.02. 

5.  Preparation  of  2^ethylbuunesulfanilide.  2  g  2-methylbutanesulfochloride  and  1.8  g  aniline  were 
reacted  in  40  ml  ether.  Yield  45<^  of  the  theoretical.  Reaction  without  heating  in  ether  gives  a  yield  of  37-39^; 
in  benzene  with  heating  the  yield  is  34^,  without  heating  it  is  negligible. 

0.0553  g  substance;  2.38  ml  0.1  N  H1SO4.  0.1469  g  substance:  0.1500  g  BaSQi.  Found  N  6.02; 

S  14.00.  CuH^OiNS.  Calculated*^:  N  6.16;  S  14.09. 

6.  Preparation  of  methanesulfanisldide.  1.86  g  methanesulfochlotide  and  3  g  pHuiisldine  were  reacted 
in  40  ml  ether.  The  reaction  was  effected  as  with  aniline.  Yield  of  product  of  the  theoretical. 

0.0480  g  substance:  2.20  ml  0.1  N  l^SO^.  0.0891  g  substance;  0.1025  g  EaS04.  Found  N  6.41; 

S  15.77.  CjH^OjNS.  Calculated 'Tk;  N  6.96;  S  15.92. 

7.  Preparation  of  ethanesulfanisidide.  2  g  ethanesulfochloride  and  3.8  g  p>anisidine  were  reacted  in  40 
ml  ether.  Yield  729>  of  the  theoretical.  Reaction  in  ether  at  room  temperature  gives  approximately  the  same 
yield;  in  benzene  at  60*  the  yield  is  60^,  without  heating  49^. 

0.1390  g  substance;  6.50  ml  0.1  N  H1SO4.  0.1201  g  substance:  0.1286  g  BaS04.  Found  <%:  N  6.54; 

S  14.68.  C,H|sC%NS.  Calculated  N  6.51;  S  14.88. 

8.  Preparation  of  2-Hnethylethane8ulfanisidide.  2  g  2-methylethane$ulfochl<xide  was  reacted  with  3.38  g 
p*«nisidine  in  40  ml  ether.  Yield  Mfjo  of  the  theoretical;  without  heating  in  edier  the  yield  is  57<^.  In  benzene 
the  yield  with  heating  is  45^.  Without  a  solvent  the  yield  is  37-38*^. 

0.1223  g  substance;  5.31  ml  0.1  N  1^804.  0.1484  g  substance;  0.1498  g  BaS04.  Found  5b;  N  6.07; 

S  13.84.  CxoHj^NS.  Calculated  5b:  N  6.11;  S  13.97. 

9.  Preparation  of  2-TOethylpropanesulfanisidide.  2  g  2-methylixopanesulfochloffide  and  2.3  g  p-anisidine 
were  reacted  in  40  ml  ether.  Yield  305b  of  the  theoretical.  Approximately  the  same  yield  in  ether  without 
heating. 

0.0880  g  substance:  3.40  ml  0.1  N  1^504.  0.0992  g  substance;  0.0960  g  BaS04.  Found  N  5.40; 

S  13.26.  CuHjjOjNS.  Calculated  5b;  N  5.76;  S  13.16. 

10.  Preparation  of  2-methylbutanesulfanisidide.  2  g  2-inethylbutanesulidchlorlde  was  reacted  with 

2.8  g  p-anisidine  in  40  ml  ether.  With  heating  the  yield  of  product  was  68-695b,  v/ithout  heating  46^7*^. 

0.0598  g  substance;  2.32  ml  0.1  N  1^804.  0.1354  g  substance;  0.1221  g  Ba804.  Found  N  5.43; 

8  12.36.  CuHi^N8.  Calculated  5b;  N  5.44;  8  12.45. 

II.  Preparation  of  ethanesulioi^ienetidide.  2  g  ethanesulfochloride  was  reacted  with  4.2  g  p-phenetidine 
in  40  ml  ether.  Yield  805b  of  the  theoretical 

0.1036  g  substance;  4.56  ml  0.1  N  H,804.  Found  5b;  N  6.16.  CnH,50,N8.  Calculated  5b:  N  6.11. 

The  sulfur  was  not  determined  in  this  compound. 

12.  Preparation  of  2--methylethanesulfophenetidide.  1.^  g  2-TOethylethanesulfochloride  and  2.74  g 
p-phenetidine  were  reacted  in  40  ml  ether.  With  heating  the  yield  was  755b  of  the  theoretical,  without  heating 
53-645b.  In  benzene  with  heatmg  the  yield  was  49.55b,  without  heating  45.5*^;  without  a  solvent  the  yield  was 
65.85b. 

0.1209  g  substance;  4.93  ml  0.1  N  ^^804.  0.1644  g  substance;  0.1581  g  Ba804.  Found  <'Jo^  N  5.70; 

8  13.18.  CuHi,05N8.  Calculated  5b;  N  5.76;  8  13.16. 

All  the  compounds  prepared  wese  fairlly  resistant  to  hydrolysis.  They  were  recovered  unchanged  after 
boiling  for  10-45  minutes  with  water,  dilute  alkali  and  dilute  acid. 
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SUMMARY 


1.  Reactions  of  alkanesulfochlorides  with  aniline,  p-anisidine  and  p-phenetidine  have  been  studied. 

2.  Preparation  and  characterization  were  carried  out  of  the  anilides,  and  p-anisidides  of  methane-, 
ethane-,  2-methylpropane  and  2-methylbutanesulfonic  acids,  and  of  the  p-phenetidides  of  ethane-  and  2- 
methylethane sulfonic  acids. 

3.  The  reactions  of  alkanesulfochlorides  with  amines  can  be  applied  to  the  separation  of  primary 
and  secondary  amines. 

4.  The  preparation  of  anLlides,  anisicUdes  and  phenetidides  can  be  utilized  for  identification  of 
alkanesulfonic  acids 
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HYDROXYFUCHSONE  DYES 


XVI  [1].  2-HYDROXYFUCHSONE 
I.  S.  Ioffe  and  B.  G.  Belenky 


Of  the  hydroxy  derivatives  of  fuchsone  (I)  only  benzaurin  <n)  [2]  and  aurin  (HI)  [2],  containing  hydroxyl 
groups  in  the  P"positions  of  one  or  both  benzene  rings  of  the  fuchsone  complex,  have  been  at  all  closely  investi- 


It  has  been  established  that  the  various  properties  of  hydroxy  fuchsone  dyes,  their  color  [4],  stability 
of  their  hydrochlorides  [5],  their  relations  with  corresponding  carbinol  derivatives  [5],  etc.  depend  on  the 
number  of  hydroxyl  groups.  With  the  aim  of  investigating  the  influence  of  the  position  of  the  hydroxyl  groups, 
we  decided  to  compare  benzaurin  (II)  with  the  isomeric  2 -hydroxy fuchsone  (IV)  which  contain  the  hydroxyl 
group  not  at  a  benzene  nucleus  but  at  the  quinoid  nucleus  of  the  fuchsone  complex: 


The  corresponding  carbinol  derivative,  2,4-dihydroxytriphenylcarbinol  (V),  has  already  been  described 
by  Bayer  [6]  who  prepared  it  by  condensing  phenyl  magnesium  bromide  with  2,4-dihydroxybenzophenone.  By 
this  route,  however,  the  yield  of  carbinol  (V)  is  very  low,  and  great  difficulties  are  met  with  in  the  separation 
and  purification  of  this  compound.  We  applied  the  method  of  condensation  of  benzophenone  chloride  with 
resorcinol  to  the  preparation  of  2-hydroxyfuchsone  and  its  corresponding  carbinol.  This  general  method  of 
preparation,  {proposed  by  Gomberg  and  Jickling  [7],  was  applied  and  somewhat  improved  in  our  laboratory  [8] 
for  the  preparation  of  both  fuchsone  itself  and  3-methoxyfuchsone. 

Qualitative  experiments  showed  that  the  condensation  of  benzophenone  chloride  with  resorcinol 
proceeds  very  rapidly,  much  more  rapidly  than  with  phenol  or  guaiacol.  In  view,  however,  of  the  high  melting 
point  of  resorcinol,  the  condensation  is'  better  conducted  in  an  organic  solvent,  the  most  suitable  being  glacial 
acetic  acid.  By  this  means  not  only  is  the  condensation  of  benzophenone  chloride  with  resorcinol  itself  speeded 
up  but  the  isolation  is  facilitated  of  the  condensation  product  which  generally  has  a  low  stability  and  decomposes 
when  heated.  For  the  latter  reason  a  low  reaction  temperatuie  is  also  preferable.  The  color  changes  to  crimson 
durinc  the  process  due  to  the  formation  of  2-hydroxyfuchsone  hydrochloride,  an  onium  salt  with  structure  (VI): 
(see  top  of  next  page). 

As  was  ctMifirmed  by  further  experiments  with  an  existing  pure  preparation,  this  salt  readily  hydrolyzes, 
and  when  heated  it  decomposes  to  form  benzophenone;  in  order  to  isolate  it  from  the  reaction  mass,  we  there¬ 
fore  used  a  method  based  on  preparation  of  the  bisulfite  derivative,  which  had  been  successfully  used  in  our 
laborattxy  [8]  for  the  preparation  of  fuchsone  and  S^nethoxy fuchsone. 


The  bisulfite  compound,  to  which  on  the  basis  of  previous  studies  [9]  we  ascribe  the  structure  (VII),  is 
obtained  by  direct  treatment  of  the  reaction  mixture  with  an  aqueous  solution  of  sodium  bisulfite.  It  forms 
colorless  crystals,  easily  purified  by  crystallization  from  water.  The  aqueous  solutions  of  the  bisulfite  deriva¬ 
tive  tiun  yellow  when  heated,  but  the  color  disappears  on  cookng  or  on  addition  of  bisulfite;  this  behavior 
suggests  the  presence  of  a  labile  equilibrium  between  the  fuchsone  derivative  and  its  bisulfite  compound.  By 
careful  treatment  of  the  reaction  mass  under  the  optimum  conditions  described  below,  the  bisulfite  derivative 
of  2 +iydioxv fuchsone  can  be  obtained  pure  In  a  yield  close  to  the  theoretical,  calculated  on  the  original  chloro  - 
benzophenone. 

The  p’lie  rydrochloiide  or  2 -nydroxy fuchsone  (VI)  was  prepared  from  the  bisulfite  compound  by  the 
action  of  hydrochlonc  acid  It  is  a  crystalline  powder  with  a  red  color,  melting  (in  a  rapid  melting  point 
determination)  at  105  TO 7“.  Even  at  80-85*,  however,  the  color  begins  to  darken  and  hydrochloric  acid  is 
evolved,  indicating  disiocration  of  the  hydrochloride  This  dissociation  also  proceeds,  although  very  much 
slower,  when  the  preparation  is  kept  in  an  open  vessel  at  room  temperature. 

The  stability  of  2 -hydroxy  fuchsone 
hydrochloride  is  also  very  low  in  aqueous 
solutions,  the  latter  undergoing  hydrolysis 
with  relative  ease.  Salts  of  other  hydroxy- 
fuchsones  are  much  more  resistant  to  hydrolysis. 

In  one  of  the  previous  communications  [5]  re¬ 
sults  were  described  of  comparative  colorimetric 
determinations  of  various  hydroxyfuchsones 
when  it  was  shown  that  resistance  to  hydrolysis 
increases  with  increasing  number  of  hydroxyl 
groups.  Thus,  for  example,  in  1  N  hydrochloric 
acid  the  salt  of  aurin  i$  only  hydrolyzed  to  the 
extent  of  IQPjo,  that  of  benzaurin  to  the  extent 
of  bOPjo,  while  fuchsone  (containing  no  hydroxyl 
groups)  is  nearly  completely  hydrolyzed.  It 
was  found,  however,  that  resistance  to  hydrolysis 
depends  not  only  on  the  number  of  hydroxyl 
groups  but  also  on  their  position.  The  salt  of 
2“hydroxyfuchsone,  isomeric  with  benzaurin 
but  containing  the  hydroxyl  group  not  at  the  benzene  ring  but  at  the  quinoid  ring,  resembles  not  the  salt  of 
benzaurin  but  that  of  fuchsone  (which  does  not  contain  a  hydroxyl  group)  in  its  ease  of  hydrolysis,  being  hydrolyzed 
almost  completely  in  1  N  hydrochlCH^ic  acid.  In  the  accompanying  diagram  are  plotted  the  curves  characterizing 
the  degree  of  hydrolysis  of  the  salts  of  fuchsone,  2-bydroxyfuchsone,  4* -hydroxy fuihsone  (benzaurin)  and  4*,4"- 
dihydroxyfuchsone  (aurm)  in  solutions  of  hydrochloric  acid  with  strengths  ranging  from  1  N  to  10  N. 

This  diagram  clearly  demonstrates  that  in  respect  of  stability  of  the  salts  to  hydrolysis,  2-hydroxyfuchsone 
is  very  much  closer  to  fuchsone  than  to  benzaurin  or  aurin. 

2 “Hydroxy fuchsone  also  resembles  unsubstituted  fuchsone  more  closely  in  respect  of  ease  of  transformation 
into  the  correspond^-ng  carbinoi  deiivative  As  already  pointed  out  [10],  fuchsones  and  their  carbinols  are  in  a  state 
of  labile  equilibrium.  The  ease  of  hydration  of  fuchsones  depends,  however,  on  the  number  of  hydroxyl  groups  in 


Colo-imetric  evaluation  of  tte  degree  of  hydrolysis  of 
salts  of  fuchsone  (I),  2“hydrox:/fuchsone  (2),  benzaurin 
{Z),  and  aurin  (4)  in  hydrochloric  acid  solutions  of 
various  strengths. 
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para -positions  of  the  benzene  rings  of  the  fuchsone  complex.  Amin  and  benzamin  undergo  complete  conversion 
to  the  carblnols  when  in  an  alkaline  medium.  With  sufficiently  high  alkali  concentration,  the  initially  formed 
colored  alkaline  salts  are  completely  converted  into  the  colorless  salts  of  the  carblnols.  Solutions  of  amin  are 
completely  decolorized  at  a  pH  exceeding  12;  solutions  of  benzaurinat  a  pH  exceeding  10.  But  fuchsones  r  : 
not  containing  hydroxyl  groups  are  hydrated  evenn  in  a  neutral  -  imedium,  even  if  dissolved 
in  an  organic  solvent  to  which  water  is  added.  It  was  found  that  the  susceptibility  of  2 -hydroxy fuchsone  to 
hydration  in  neutral  solutions  is  as  great  as,  if  not  greater  than,  that  of  fuchsone.  Consequently  the  hydrolysis 
of  acid-onium  salts  of  aurin  and  benzamin  yields  free  dyes.  Hydrolysis  of  similar  salts  of  fuchsone  yields  a  mixtme 
of  fuchsone  itself  and  4-hydroxytriphenylcarbinol  [11].  Hydrolysis  of  the  acid-onium  salt  of  2-hydroxyfuchsone 
results,  however,  in  nearly  complete  formation  of  the  carbinol  derivative,  2,4-dihydtoxytriphenylcarbinol  (V). 

Thanks  to  this  behavior  we  were  able  to  effect  the  preparation  of  2, 4-dihydroxy triphenylcarbinol  (V) 
far  more  easily  and  with  a  very  much  greater  yield  than  achieved  by  Bayer  [6].  On  tritmating  2-hydroxyfuchsone 
hydrochloride  with  water,  or  better  with  sodium  acetate  solution,  a  colorless  flocculent  precipitate  of  2,4-di- 
hydroxytriphenylcarbinol  is  formed.  The  latter  Is  converted  by  heating  into  2-hydroxyfuchsone,  so  that  the 
crystallization  of  2, 4-dihydroxy  triphenylcarbinol  m.ust  be  performed  very  carefully  with  avoidance  of  excessive 
heating.  The  best  proceduie  for  crystallization  is  to  dissolve  the  substance  in  benzene  containing  a  trace  of 
water  and  to  heat  to  60”.  On  slow  cooling  the  carbinol  separates  in  the  form  of  colorless  crystals.  Dming  the 
melting  point  determination  the  crystals  giadualiy  tmn  yellow,  but  in  a  rapid  melting  point  determination  they 
melt  sharply  at  124-125*. 

The  stability  of  2, 4-<lihydroxy triphenylcarbinol  is  low.  When  heated  it  dehydrates  to  form  2-hydroxy¬ 
fuchsone.  When  treated  with  hydrochloric  acid  it  forms  the  hydrochloride  of  2-hydroxyfuchsone.  2,4^)ihydroxy- 
fuchsone  is  soluble  in  alkali,  but  the  solution  gradually  tmns  cloudy,  more  rapidly  on  heating,  due  to  formation 
of  benzophenone.  The  latter  collects  in  oily  drops  which  solidify  on  standing. 

2HHydroxyfuchsone  is  likewise  very  unstable.  It  hydrates  very  easily,  and  when  heated  it  decomposes 
with  formation  of  benzophenone;  we  were  consequently  unable  to  Isolate  2-hydroxyfuchsone  in  the  analytically 
pme  fo.rm.  When  heated  in  glacial  acetic  acid,  2,4-dihydroxytriphenylcarbinol  forms  an  orange  solution  of  2- 
hydroxyfuchsone,  but  addition  of  water  to  the  same  solution  leads  to  the  reverse  process  of  hydration  with  forma¬ 
tion  of  a  mixture  of  fuchsone  and  the  carhinol.  Heating  of  the  2,4-dihydroxytriphenylcarbinol  with  acetic  acid 
followed  by  vacuum  distillation  of  the  solvent  results  in  partial  decomposition  of  the  fuchsone.  Partial  decom¬ 
position  also  takes  place  when  2,4-'dihydroxytrii^/enylcarbinol  is  dehydrated  in  the  absence  of  a  solvent  in  vacuum 
without  heating;  in  our  investigation  we  therefore  isolated  2-hydroxyfuchsone  in  the  form  of  its  more  stable  hydro¬ 
chloride  or  bisul0.te  compound. 

From  2,4  <lihydroxytriphenylcarbinol  we  also  prepared  its  diacetyl  derivative  (VIII).  This  is  more  stable, 
and  after  crystallization  from  benzene  it  is  obtained  as  colorless  crystals  melting  sharply  at  178-180*.  The  same 
acetyl  derivative  is  obtained  from  24iydrox:y  fuchsone  hydrochloride  by  heating  with  acetic  anhydride  and  anhydrous 
sodium  acetate,  or  from  free  2-hydroxyfuchsone  by  heating  with  acetic  anhydride.  In  the  latter  case,  however,  the 
purification  of  the  acetyl  derivative  calls  fo:  several  recrystallizations,  because,  for  the  reasons  indicated  above, 
2-hydroxyfuchsone  itself  is  contaminated  with  {products  of  its  own  decomposition. 

Investigation  of  2  hydroxy  fuchsone  and  its  derivatives,  and  a  comparison  of  them  with  aurin  and  benzaurin, 
show  that  the  properties  of  hydroxyfuchsone  derivatives  essentially  depend  not  only  on  the  presence  of  hydroxyl 
groups  and  their  number  but  also  on  their  position. 

The  presence  of  hydroxyl  groups  in  the  p-pos:tions  of  the  benzene  rings  of  the  fuchsone  grouping  results  in 
greater  stability  of  the  acid-onium  salts  of  hydroxyfuchsone  dyes.  Apart  from  that,  such  hydroxyfuchsone  dyes  are 
more  stable  in  the  free  state  and  undergo  hydration  only  in  a  strongly  alkaline  medium  with  formation  of  colorless 
carbinol  derivatives.  2'flydroxyfuchsone,  which  contains  the  hydroxyl  group  in  the  quinoid  ring  in  the  o-position 
to  the  central  carbon  atom  of  the  fuchsone  complex,  more  closely  resembles  fuchsone  (free  from  hydroxyl  groups) 
in  respect  of  stability  of  the  acid-oni.um  salt;  moreover,  2-hydtoxy fuchsone  is  very  susceptible  to  hydration  and 
therefore,  unlike  aurin  or  benzaurin,  dissolves  in  dilute  alkali  to  give  the  colored  salt  of  hydroxy frichsone  and  the 
colorless  salt  of  the  conesponding  carbinol.  In  a  neutral  medium  2-hydtoxyfuchsone  also  hydrates  even  more  easily 
than  the  unsubstituted  fuchsone. 

From  the  foregoing  considerations  it  follows  that  the  hydroxyl  group  in  the  2-i)osition  of  the  quinoid  ring 
differs  markedly  from  the  hydroxyl  group  in  the  p^?osition  of  the  benzene  rings  in  its  influence  on  the  properties 
of  hydroxy  fuchsones.  A  possible  reason  for  this  is  the  development  of  a  hydrogen  bond  with  a  blocking  effect 


1483 


between  the  hydroxyl  group  in  the  2-positxon  and  the  neutral  carbon  atom. 

EXPERIMENTAL 

Bisulfite  compound  of  2-hydroxyfuch5one.  11  g  resorcinol  is  dissolved  in  15  ml  glacial  acetic  acid  and  to 
the  solution  is  added,  with  cooling,  16.5  g  freshly  distilled  benzophenone  chloride.  The  vessel  is  closed  with  a 
stopper  fitted  with  an  elongated  capillary  and  left  to  stand  in  a  cold  place  for  2  days.  The  reaction  proceeds  with 
evolution  of  hydrochloric  acid.  The  reaction  mixture  thickens  and  acquires  a  crimson  color  much  darker  than  the 
color  of  solutions  of  benzaurin  hydrochloride. 

To  the  resultant  reaction  mixture  is  added  50  ml  saturated  solution  of  sodium  bisulfite  and  200  ml  15<7o 
sodium  chloride  solution.  This  mixture  is  heated  to  the  boil  and  after  addition  of  1-2  g  animal  charcoal  it  is 
filtered.  Cooling  results  in  separation  of  a  crystalline  precipitate  of  the  colorless  bisulfite  compound  of  2-hy- 
droxyfuchsone.  The  precipitate  is  filtered,  washed  with  a  little  cold  water  and  purified  by  recrystallization 
from  water.  Yield  25  g 

The  bisalfite  compound  of  2-hydroxy fuchsone  crystallizes  from  water  in  colorless  crystals  containing 
1.5  moles  water  of  crystallization.  After  dehydration  it  melts  at  193-195*  with  decomposition.  It  is  readily 
soluble  in  water  and  almost  insoluble  in  organic  solvents.  The  aqueous  solutions  turn  yellow  when  heated, 
and  when  diluted  with  water  a  milky-white  turbidity  is  formed  due  to  hydrolysis  of  the  bisulfite  compound  and 
hydration  of  the  resiiltant  fuchsone  to  the  corresponding  carbinol.  Reaction  with  hydrochloric  acid  gives  2- 
hydroxy fuchsone  hydrochloride. 

The  water  of  crystallization  and  the  sodium  content  were  determined  on  the  substance  dried  to  constant 
weight  in  the  desiccator. 

0.4879  g  substance:  0.0308  g  H|0.  0.7955  g  substance:  0.1390  g  Na|S04.  6.9196  g  substance:  0.1582  g 
NajSO^.  Found  <7o:  HjO  6.31;  Na  5.66,  5.57.  ^  Cj,Hi,0,NaHS08-li  1^0.  Calculated  ojo:  H,0  6.66;  Na  5.68. 

2 "Hydroxyfuchsone  hydroch-loride .  25  g  bisulfite  derivative  is  dissolved  in  150  ml  water  and  impurities 
are  filtered  off.  The  filtrate  is  cooled  and  addition  is  made,  with  intensive  stirring  and  external  cooling,  of 
150  ml  strong  hydrochloric  acid.  The  dark-red  flocculent  precipitate  is  filtered,  well  pressed,  and  washed  with 
15^  hydrochloric  acid  solution.  The  precipitate  is  dried  under  vacuum  and  stored  in  a  vacuum  desiccator  over 
calcium  chloride.  Yield  20  g. 

Properties:  Deep-scarlet  crystalline  powder,  m.p.  in  a  normal  determination  105-107*.  On  slow  heating 
gas  is  evolved  and  the  color  deepens  at  80-85*.  In  water  it  rapidly  hydrolyzes  with  simultaneous  hydration.  It 
dissolves  with  a  crimson  color  in  glacial  acetic  acid,  amyl  acetate,  and  ether.  When  traces  of  water  are  present 
in  the  solvents,  decolorization  takes  place  due  to  hydrolysis  and  hydration.  When  heated  in  hydrochloric  acid 
it  decomposes  with  formation  of  benzophenone. 

Resistance  to  hydrolysis;  0.01  g  substance  is  dissolved  in  10  ml  alcohol.  To  0.1  ml  portions  of  the  solution 
are  added  lots  of  10  ml  hydrochloric  acid  with  normalities  of  11,  5,  3,  2  and  1. 

Similar  experiments  were  carried  out  for  comparison  with  aurin,  benzaurin.  and  fuchsone.  After  standing  for 
one  hour  for  attainment  of  equilibrium,  colorimetric  determinations  were  made  of  the  color  intensities  which 
characterized  the  content  of  nonhydrolyzed  hydrochloride.  A  solution  in  10  N  acid  was  used  as  standard.  The 
results  are  presented  in  the  table. 

2,4HDihydroxytriphenylcarbinol.  18  g  bisulfite  compound  of  2-hydioxyfuchsone  is  dissolved  in  150  ml  hot 
water.  After  cooling,  addition  is  made  to  the  solution,  with  intensive  stirring,  of  150  ml  concentrated  hydrochloric 
acid.  The  precipitate  of  hydrochloride  is  filtered,  washed  with  15^p  hydrochloric  acid  and  then  transferred  to  a 
porcelain  mortar  in  which  is  introduced  15  g  sodium  acetate  and  a  little  water.  A  resinous  brown  mass  is  formed 
which  on  trituration  gradually  whitens  and  subsequently  changes  into  a  viscous  homogeneous  suspension.  This  is 
transferred  to  a  beaker,  150  ml  water  is  added  and  the  whole  left  for  24  hours  in  the  cold.  The  bright  precipitate 
of  carbinol  is  filtered  and  washed  with  water.  Without  being  dried,  the  product  is  put  into  benzene  and  warmed 
to  70*;  the  benzene  layer  is  poured  off  from  the  aqueous  layer  through  an  ordinary  filter.  Cooling  of  the  benzene 
solution  brings  out  colorless  crystals  of  2,4-dihydroxytriphenylcarbinol;  these  are  filtered  and  dried  in  a  vacuum 
desiccator.  Yield  8.7  g  (67‘5fc  of  the  theoretical).  ' 

Properties;  Colorless  or  slightly  yellow  crystals  with  m.p.  123-124*  (on  rapid  determination).  Slow  heating 
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to  75-80*  results  in  marked  darkening  and  softening  due  to  the  transformation  into  2-hydroxyfuchsone.  It  is 
soluble  in  alcohol,  ether,  chloroform  and  hot  benzene*,  almost  insoluble  in  water,  ^soline  and  petroleum 
ether.  When  treated  with  strong  hydrochloric  acid  it  is  converted  into  the  salt  of  2-hydroxyfuchsone.  Heating 
with  glacial  acetic  acid  gives  an  orange  solution  of  2-hydroxyfuchsone.  The  latter  is  also  obtained  by  heating 
the  carbinol  above  80*.  On  heating  with  alkali  it  decomposes  with  formation  of  benzophenone. 


Col(xr  Intensity  of  Hydrochlorides  of  some 
Hydroxyfuchsone  Dyes 


Dye 

Normality  of  HCl 

10 

5 

3 

2 

1 

Aurin 

100 

100 

— 

— 

90 

Benzaurin 

100 

95 

- 

80 

50 

2-Hydroxyfuchsone 

100 

90 

40 

15 

0 

Fuchsone 

100 

80 

15 

5 

0 

the  acetyl  derivative  separates  in  the  form  of  clots 
benzene.  Yield  almost  quantitative. 


0.0872  g  substance*.  0.2509  g  CO^  ,*  0.0437  g  H|0. 
0.0831  g  substance:  0.2592  g  CO|;  0.0452  g  1%0. 
0.0970  g  substance:  6.8  ml  0.1  N  NaOH.  0.1228  g 
substance:  8.5  ml  0.1  N  NaOH.*  Found  <^.*  C  78.52, 
78.55;  H  5.61,  5.28;  (OH)  11.92,  11.77.  CijHiPi* 
Calculated  <^.*  C  78.08;  H  5.48;  (OH)  11.65. 


2,4-Diacetoxytriphenylcarbinol.  30  g  2,4-dlhydioxy- 
triphenylcarbinol  is  boiled  with  30  ml  acetic  anhydride.  After 
dissolving,  the  carbinol  solution  develops  an  orange  color 
which  gradually  lightens.  Heating  for  an  hour  results  in  a 
light-yellow  solution  which  is  poured  into  200  ml  water. 

With  progressive  decomposition  of  the  acetic  anhydride 
which  are  filtered,  washed  with  water  and  crystallized  from 


The  colorless  crystals  melt  sharply  at  178-180”.  Soluble  in  benzene  and  glacial  acetic  acid;  insoluble  in 
water.  Relatively  stable  when  treated  with  hydrochloric  acid.  With  hydrochloric  acid  the  substance  saponifies 
in  solution  in  glacial  acetic  acid  with  formation  of  2-hydroxyfuchsone  hydrochloride.  It  is  saponified  by  heating 
with  alkali  but  this  process  is  accompanied  by  decomposition  of  the  resultant  2,4-dihydroxytriphenylcarbinol. 

0.0861  g  substance:  0.2319  g  COj;  0.0422  g  H|0.  0.0758  g  subsunce:  0.2045  g  CO|;  0.0366  g  H|0. 

Found  <>jb;  C  73.50,  73.62;  H  5.48,  5.40.  CfsHiA*  Calculated  C  73.40;  H  5.32. 

SUMMARY 


2 -Hydroxyfuchsone  can  be  prepared  by  condensation  of  benzoi^enone  chltvide  with  resorcinol;  this  reaction 
gives  2-hydroxyfuchsone  hydrochloride.  For  the  purpose  of  isolation  and  purification  it  is  mote  convenient  to 
prepare  the  bisulfite  compound,  from  which  the  pure  hydrochloride  can  be  obtained  by  treatment  with  strong  hydro¬ 
chloric  acid. 


2 -Hydroxyfuchsone  only  forms  acid  salts.  It  rapidly  hydrates  when  treated  with  alkali  to  form  the  salt  of 
2,4-dlhydroxytriphenylcarbinol.  This  carbinol  derivative  is  also  formed  by  hydration  of  2-hydroxyfuchsone  also 
in  a  neutral  medium,  as  well  as  on  hydrolysis  of  the  hydrochloride. 

The  hydrochloride  is  only  suble  in  concentrated  solutions  of  strong  acids.  On  addition  of  water  the  ult 
hydrolyzes  mote  easily  than  the  salt  of  hydroxyfuchsone  dyes  containing  hydroxyl  groups  in  the  para-positions  of 
the  benzene  rings  of  the  fuchsone  grouping  (benzaurin  and  aurin).  In  contrast  to  the  latter,  hydrolysis  of  the 
hydrochloride  is  accompanied  by  hydration. 

Acetylation  of  2-hydroxyfuchsone  and  2,4-dihydroxytriphenylcarbinol  results  in  formation  of  2,4-diacet- 
oxytriphenylcarbinol. 

241ydroxyfuchsone  is  unstable  in  storage.  It  readily  hydrolyzes,  and  when  heated  it  spliu  up  with  forma¬ 
tion  of  benzophenone.  2-Hydroxy  fuchsone  can  be  kept  in  the  form  of  its  hydrochloride  or,  better  still,  in  the  form 
of  its  bisulfite  compound. 


7 


A  compound  of  2 -hydroxy  fuchsone  with  benzaurin  or  aurin  shows  that  in  2-hydroxy  fuchsone  the  hydroxyl  group 
on  the  quinoid  nucleus  in  the  o-position  to  the  central  carbon  atom  of  the  fuchsone  grouping  appears  to  be 
blocked,  possibly  due  to  a  hydrogen  bond. 
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dA’-CARENE  DICHLORIDE 
B.  A.  Arbuzov  and  V.  A.  Filnovskaya 


In  a  series  of  interesting  papers  recently  published  by  D.  V.  Tishchenko  and  co-woikers  [1,2],  a  study  was 
made  of  the  action  of  chlorine  on  terpene  hydrocarbons  in  presence  of  hydrogen  chloride-binding  substances.  In 
the  reaction  of  chlorine  with  dA^-oarene  in  presence  of  sodium  bicarbonate,  D.  V.  Tishchenko  and  A.  Khovanskaya 
[3]  isolated  from  the  reaction  products  an  unsaturated  monochlotide  and  a  dichloride;  the  latter  could  not  be  iso¬ 
lated  in  the  pure  form.  The  authors  ascribe  structure  (I)  to  the  monochloride.  They  do  not  give  any  data  for  the 
structure  of  the  dichloride. 

Recently  we  have  also  studied  the  action  of  chlorine  on  terpene  hydro¬ 
carbons  in  presence  of  hydrogen  chloride-binding  materials.  In  the  chlorination 
of  dA^-caiene  we  Isolated,  apart  from  the  monochlotide,  a  dichloride  in  a  purer 
form  than  was  got  by  Tishchenko  and  Khovanskaya,  and  we  determined  its 
structure  by  leconversion  to  carene  with  the  aid  of  finely  divided  sodium  as  a 
chlorine-binder.  The  so-prepared  hydrocarbon  gave  a  nitrosate  with  m.p. 
143.5-144.0*,  identical  with  the  nitrosate  of  dA^-carene,  and  in  the  same 
yields  as  from  pure  dA’-carene.  The  preparation  of  dA^-carene  from  the 
dichloride  indicates  that  the  latter  has  the  structure  (II) 

The  unsaturated  monochloride  separated  from  the  products  of  chlorination  has  constants  fairly  close  to 
those  reported  by  Tishchenko  and  Khovanskaya.  Reduction  of  the  monochloride  with  sodium  in  methyl  alcohol 
at  a  temperature  not  exceeding  50*  [4]  gave  a  hydrocarbon  which  was  not  perfectly  pure  but  whose  constants 
were  close  to  those  of  dA*-carene. 

Fractions  of  the  hydrocarbon  gave  good  yields  of  the  nitrosate  of  dA^-carene  with  m.p.  143.5-144.5*, 
indicating  the  presence  of  considerable  amounts  of  A’-carene. 

The  formation  of  A^-carene  by  reduction  of  the  monochloride  is  not  inconsistent  with  the  formula  (1) 
proposed  by  Tishchenko  and  Khovanskaya  since  the  reduction  of  allyl  chlorides  by  metals  in  alcohol  is 
accompanied  by  an  allyl  rearrangement  [5],  and  in  the  case  of  reduction  of  monochloride  (I)  we  should  expect 
the  formation  of  A*-  and  A*-carenes 


which  could  not  be  separated  by  fractionation  due  to  the  closeness  of  the  boiling  points. 

EXPERIMENTAL 

dA^ -Carene  was  separated  from  sulfate  turpentine  by  fractionation  in  a  coiiimn  with  25  theoretical  plates 
and  nad  the  co.istaiitS!  b.p.  63®  (7  mm);  0.8615;  1.4729. 

285  4  A'^-care  e  a^^d  120  g  sodit  m  carbonate  were  mixed  in  a  three-necked  flask,  provided  with  a  mechani¬ 
cal  stirre.r  av  d  immersed  rn  freezing  mixture  (ice  and  salt).  A  slow  stream  of  dry  chlorine  was  passed  through  the 
A*"carei':.e  for  12  '  zs,  .af:e.  seoaration  of  the  bicarbonate  and  the  sodium  cMoride,  the  filtrate  consisted  of  an 

aqueous  a  er  (38  3  4)  a:<d  ai;  oil  (315  g).  Fractionation  of  the  oil  in  vacuum  using  a  Widmer  dephlegmata- 
yielded  tie  fauawing  fractions  (10  mm); 

1.)  49  59  ',  '75  g-  2)  59  -80",  52.5  g;  3)  80-84",  26.7  g;  4)  84-85",  28  g;  5)  85-120",  70  g;  6)  120-153",  29.2  g; 

residue  13  g. 

Redistillation  of  ttie  second  to  fourth  fractions  gave  fractions  with  the  following  constants; 


1)  72-74*  (7  mm),  18  g;  1.5028;  df  0.9826;  2)  74-76*  (7  mm),  37.2  g;  n”  1.5026;  d|®  1.0047; 

MRjj  49.78.  CigHipClF  (three-membered  ring);  calculated  48.99. 

0.1770  g  substance:  0.1444  gAgCl.  0.1420  g  substance:  0.01281  g  active  oxygen,*  0.1860  g  substance; 

0.01667  g  active  oxygen.*  Found*^.-  Cl  20.18;  double  bonds  0.96,  0.95.  CioH^Clp.  Calculated 

Cl  20.82. 

Reduction  of  the  monochloride  with  sodium.  15  .  g’  monOchloride  in  200  ml  absolute 
methyl  alcohol  was  reduced  by  addition  of  sodium  (20  g),  cate  being  taken  that  the  temperature  of  the  liquid 
did  not  rise  above  50*.  After  the  whole  of  the  sodium  had  been  added,  an  extra  50  ml  methyl  alcohol  was 
added,  and  the  whole  poured  into  water  and  extracted  with  ether;  the  residue  after  removal  of  the  ether  was 
distilled.  After  three  distillations  the  following  fractions  (7  mm)  were  obtained: 

1)  50-64*,  7.5  g;  2)  54-74*,  1  g;  3)  74-75*,  2.3  g. 

The  first  fraction  was  distille’d  over  sodium  to  give  (7  mm); 

a)  42-46*;  1.4700;  d|®  0.8634,  1.2  g;  b)  46-50*;  1.4712;  d|®  0.8572,  3.2  g;  c)  50-58";  n{f  1.4738; 

dj®  0.8  6  92,  2.5  g. 

From  all  three  fractions  the  nitrosate  of  A^-carene  (m.p.  143.5-144.5*  without  recrystallization)  was 
prepared. 

The  third  fraction  with  b.p. 74-75*  (7  mm)  contained  3.9*^  chlorine.  It  was  again  reduced  with  sodium 
in  methyl  alcohol  and  had;  b.p.  62-68*  (6  mm);nj}  1.4760;  dj®  0.9029. 

Isolation  of  carene  dichloride.  Fractions  5-6  of  the  product  of  chlorination  of  A*-carene  gave  after 
fractiOMtion  a  fraction  (36  g)  with  b.p.  107-110*  (7  mm);  n”  1.5052;  d*®  1.1146;  MRj^  55.11.  CigHx^lj 
(three-membered  ring);  calculated  54.32. 

0.1392  g  substance:  0.1918  g  AgCl.  Found ‘Jfc;  Cl  34.12.  CigHj^lx.  Calculated  Cl  34.3. 

Titration  with  perphthalic  acid  showed  the  absence  of  double  bonds. 

Regeneration  of  A^-carene  from  the  dichloride.  15  g  metallic  sodium  was  pulverized  to  dust  in 
hot  toluene.  To  the  cooled  toluene  was  carefully  added  20  g  dichloride.  Considerable  heat  was  developed 
and  the  reaction  continued  for  2.5  hours;  after  decantation  and  distillation  of  the  toluene  in  vacuum  the 
residue  was  distilled.  B.p.  44-50*  (7  mmX6.8  g.  The  following  fractions  were  obtained  by  distillation  (7  mm): 

1)  40^*,  1.2  g  and  2)  45^8*,  4.3  g;  i^®  1.4755;  dJ®  0.8639;  MR^  44.29;  calculated  44.13. 

The  second  fraction  (2.5  g)  yielded,  by  Simonsen’s  method,  0.4  g  nitrosate  with  m.p.  143.5-144.0 
without  recrystallization.  Parallel  preparation  of  nitrosate  from  pure  A® -carene  yielded  (from  2.5  g)  0.5  g 
nitrosate. 

SUMMARY 

1.  The  dichloride  prepared  by  chlorination  of  dA*-carene  by  D.  V.  Tishchenko's  method  is  3,4-dichloro- 
carane,  since  cleavage  of  chlorine  with  sodium  gives  A*-carene. 

2.  Reduction  with  sodium  in  alcohol  of  the  unsaturated  monochlotide  obtained  from  dA’ -carene  gives  a 
mixture  of  A* -carene  and,  apparently.  A*-carene,  and  the  process  is  accompanied  by  an  allyl  rearrangement. 
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NITRATION  OF  (  1 , 2, 3, 4)-TETRA  H  Y  DRO-2 -N  A  PHT  HOIC  ACID 


S.  I.  Sergievskaya  and  N.  P.  Volynsky 


The  presence  of  a  substitaent  in  the  2"positlon  of  the  hydrogenated  portion  of  the  tetrahydronaphthalene  mole¬ 
cule  so  changes  the  chemical  properties  of  its  nonhydrogenated  ring  that  the  usual  reactions  of  aromatic  compounds, 
such  as  nitration,  proceed  with  extraordinary  difficulty  or  entirely  fail  to  give  the  anticipated  results.  It  suffices  to 
mention  the  repeated  and  unsuccessful  efforts  to  nitrate  the  well^tnown  ac-6-tetrahydronaphthylamine,  or  the  diffi¬ 
culty  in  nitrating  6  -tettalone.  In  this  investigation  we  have  applied  the  nitration  reaction  to  ac-2-tetrahydronaph- 
thoic  acid;  using  nitric  acid  of  s.g.  l.^’no  clear  results  were  obtained,  but  by  nitration  vfith  acid  of  s.g.  1.4*1.42  we 
succeeded  in  isolating  a  crystalline  substance  of  acidic  nature  with  m.  pt.  196.5-197*.  The  yield,  however,  did  not 
exceed  Kfjo,  the  greater  part  of  the  ac-fl-tetrahydronaphthoic  acid  being  converted  into  a  difficultly  separable 
mixture  of  oily  substances  which  we  did  not  examine  more  closely. 

The  elementary  analysis  of  the  crystalline  compound  with  m.pt.  196.5-197"  showed  it  to  correspond  to  a 
mononitrotetrahydronaphthoic  acid,  and  its  trantformations  (formation  of  an  acid  chloride,  amide,  ethyl  ester,  and 
-by  catalytic  reduction- amino tetrahydronaphthoic  acid)  confirmed  the  presence  of  both  a  carboxyl  and  a  nitro 
group. 

A  i^eliminary  determination  of  the  position  of  the  nitro  group  was  made  by  decarboxylation  of  the  amino- 
tetrahydronaphthoic  acid  obtained  horn  the  nitro  acid  by  the  route  indicated  above.  Decarboxylation  was  performed 
by  dry  distillation  of  the  amino  acid  with  barium  hydrate  at  atmospheric  pressure;  the  sole  reaction  i^oduct  was  6- 
naphthylamine  since  decarboxylation  was  accompanied  by  dehydrogenation  of  the  tetrahydronaphthalene  ring.  These 
results  established  that  the  amino  group  (and  consequently  the  nitro  group)  is  in  the  6-  or  7-  position  of  tetrahydra- 
naphthalene. 


The  position  of  the  nitro  group  was  definitely  established  by  the  following  transformations;  The  amide  of 
nitrotetrahydro-2 -naphthoic  acid  (II)  was  converted  into  the  corresponding  urethane  (III)  by  the  action  of  bromine 
and  sodium  methylate;  without  purification,  (III)  was  subjected  to  saponfication  with  the  help  of  concentrated  hydro¬ 
chloric  acid.  These  reactions  yielded  the  hydrochloride  of  nitro-ac-2-tetrahydronaphthylamine  (IV),  not  previously  ' 
described  in  the  literature;  this  nitroamine  was  converted  into  its  acetyl  derivative  (V),  and  the  nitro  group  in  the 
latter  was  reduced  to  the  amino  group  (VI)»  Acetylation  of  the  resultant  compound  yielded  the  known,  2,6-diacetyl- 
tetrahydronaphthylenediamine  (VII)  [1]: 


-COOH 


0,N- 


0,N- 


0,N-' 


-CONHj 


iW 


-NH,  •  HCl 


(CHiC0),0 


0|N- 


(CHiC0)20 


CH’sCOMH- 


(V) 


Br->CHsONa  O^N- 

-NHCOCH, _ , 

H*.Ni 


-NHCOCHs 


The  above  scheme  for  the  conversion  of  nitro-2- 
tetiahydronapnthoic  acid  into  2,6-diacetyltetrahydronaphthyl- 
enediamine  shows  that  the  nitro  group  is  located  in  the  6- 

position  of  ttie  tei:ahvd:orupnthaiene  ring  and  the  nitro  acid  which  we  have  prepared  is  6-nitro-(l,2,3,4)-tetrahylrO“2- 
naphthoic  acid  (I). 


EXPERIMENTAL 


6 -Nitro-ac-tetrahydro-^ -naphthoic  acid.  70  g  ac-tetrahydro-2 -naphthoic  acid  with  m.  pt.  90-92*  is  added  in  one 
portion  to  350  mi  HNOj,  s.g.  1.42  and  the  mixture  is  heated  (to  initiate  hie  reaction)  to  38-40*,  after  which  this  tem- 
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perature  is  maintained  for  two  hours.  At  the  conclusion  of  the  reaction  the  solution  is  cooled  to  —5*  and  the  re¬ 
sultant  precipitate  is  filtered  off.  Yield  13.5  g  with  m.  pt.  175-180*.  The  filtrate  is  heavily  diluted  with  water 
which  precipitates  a  yellow  resin;  the  latter  is  separated  from  the  aqueous  acid  solution  and  triturated  with  tol¬ 
uene.  The  insoluble  precipitate  is  filtered  off,  giving  a  further  5  g  of  sutetance  with  m.  pt.  175-185“  Nitration 
by  the  above-described  method  (in  two  lots)  of  185  g  ^-tetrahydro-2 -naphthoic  acid  with  m.  pt.  90-92"  gave  30  g 
of  substance  with  m.  pt.  170-180*,  which  separated  from  the  reaction  mixture  and  20  g  substance  with  m.  pt.  150- 
170*  which  separated  on  diluting  the  acid  solution  with  water. 

The  20  g  substance  with  m.  pt.  150-170*  was  recrystallized  from  toluene  to  give  15  g  nitro  acid  with  m.  pt. 
188-191*  (I).  The  toluene  mother  liquor  yielded  (after  distilling  off  the  toluene)  3  g  of  substance  with  m.  pt.  160- 
215*. 


The  30  g  of  substance  with  m.  pt.  170-180*  was  also  recrystallized  from  toluene.  Yield  24  g  with  m.  pt. 
178-188*  (H). 

The  24  g  of  (II)  was  dissolved  in  lOPjo  sodium  carbonate  solution  and  fractionally  precipitated  with  hydro¬ 
chloric  acid,  giving  15  g  with  m.  pt.  178-190*  (first  fraction)  and  9  g  with  melting  point  175-215*  (second  fraction). 
The  first  fraction  was  recrystallized  from  alcohol  to  give  a  yellowish  substance  with  m.  pt.  190-193*.  The  sub¬ 
stance  with  m.  pt.  190-193*  was  combined  with  substance  (I)  with  m.  pt.  188-191*  and  twice  recrystallized  from 
alcohol.  There  was  obtained  22  g  6-nitro-^-tetrahydrO"2-naphthoic  acid  with  m.  pt.  196.5-197*.  It  was  in  the  form 
of  light-yellow  crystals  readily  soluble  in  ether,  acetone  and  (with  heating)  alcohol,  less  easily  soluble  in  hot  tol¬ 
uene,  very  sparingly  soluble  in  alcohol  and  toluene  in  the  cold 

6.675  mg  substance;  0.386  ml  1^  (21.5*,  721.0  mm).  4.069  mg  substance:  8  965  mg  CO^;  1.851  mg  HjO. 

Founder  N  6.36;  C  60.09;  H  5.09.  CuHu04N.  Calculated  N  6.34;  C  59.74;  H  4.97. 

Ethyl  ester  of  6-nitro-ac-tetrahydro-2-fiaphthPic  acid.  1  g  of  6 -nitro-ac-tetrahydro-2 naphthoic  acid  is  heated 
with  15  ml  absolute  ethyl  alcohol  and  3  drops  concentrated  HfS04  at  the  boiling  point  for  6  hours.  A  bulky  crystal¬ 
line  precipitate  comes  down  on  cooling  and  is  filtered  at  the  pump  and  washed  with  a  small  amount  of  absolute 
alcohol.  Yield  1  g  substance  with  m.  pt.  83*.  After  recrystallization  from  absolute  alcohol  the  ethyl  ester  of  6- 
nitro-^-tetrahydro-2-naphthoic  acid  forms  silky,  colorless  needles  with  m.  pt.  83.5-84*.  Readily  soluble  in  acetone, 
ether,  benzene,  hot  ethyl  alcohol;  very  sparingly  soluble  in  cold  ethyl  alcohol. 

5.410  mg  substance:  0.284  ml  Nj  (22.0*,  721.0  mm).  Found  °]o'.  N  5.75.  CuHi504N,  Calculated  <70:  N  5.62. 

6-Nitro-ac-tetrahydro-2^iaphthoyl  chloride.  1  g  6-nitro-ac-tetrahydro-2-naphthoic  acid  is  heated  with  4  ml 
SOClj  at  85-90*  for  3  hours,  after  which  the  excess  of  thionyl  chloride  is  removed  in  vacuum  and  the  residue  re- 
crysuUized  from  CCI4,  The  acid  chloride  forms  colorless  needles  with  m.  pt.  113-113.5*,  readily  soluble  in  ben¬ 
zene,  acetone  and  CCl4(hot),  very  sparingly  soluble  in  petroleum  ether  and  cold  CCI4. 

6-Nitro-ac-tettahydro-2^iaphthoic  acid  amide.  7  g  6  niito-ac-tetrahydro-2-naphthoyl  chloride  is  dissolved  in 
absolute  benzene  and  the  sslition  is  shaken  with  strong  aqueous  ammonia  solution.  The  precipitate  of  amide  is  fil¬ 
tered  and  washed  with  water.  Yield  5.5  g  with  m.  pt.  206-207*.  After  two  crystallizations  from  alcohol  the  amide 
of  6-nitro-acrtetrahydro-2-naphthoic  acid  melts  at  209-210*.  Colorless  crystals,  poorly  soluble  in  cold  alcohol  and 
acetone,  readily  soluble  in  the  same  solvents  when  heated. 

6.520  mg  substance:  0.745  ml  N2  (21.0*,  726.5  mm).  Found  <7o"  N  12.68  CuHjjOsNj.  Calculated  °]o:  N  12.73. 

6-Aminoiac-tetrahydro-2 -naphthoic  acid.  A  solution  of  4.4  g  6-nitro-ac-tetrahydro-2-naphthoic  acid  in  150  ml 
ethyl  alcohol  (temperature  about  40*)  is  agitated  in  a  hydrogen  atmosphere  in  presence  of  5  g  Ni  catalyst  (Raney). 

At  the  end  of  the  reduction  (1350  ml  hydrogen  absorbed)  the  catalyst  is  filtered  off,  and  the  alcohol  distilled  off  in 
vacuum.  To  the  residue  is  added  a  small  amount  of  water  which  precipitates  colorless  needles  of  the  amino  acid. 
During  the  melting  point  determination  the  substance  begins  to  soften  at  about  70*  and  finally  melts  at  140-145*. 

This  behavior  is  apparently  due  to  the  presence  of  water  of  crystallization.  The  amino  acid  is  heated  in  a  porce¬ 
lain  beaker  at  130-140*  until  no  more  water  vapor  comes  off.  The  cooled  solid  melt  is  pulverized  and  recrystal¬ 
lized  from  toluene  to  give  3.3  g  6-amino -ac-tetrahydro-2^iaphthoic  acid  with  m.  pt.  144-145®  The  compound  is 
readily  soluble  in  methyl  and  ethyl  alcohols  and  acetone,  and,  on  heating,  in  water  and  toluene. 

6.407  mg  substance;  3.37  ml  0.01  N  HJSO4.  Found  <7o;  N  7.36.  CuHijOjN.  Calculated  <7o:  N  7.33. 

Decarboxylation  of  6-amino-ac-tetrahydro-2-naphthoic  acid.  1.5  g  of  the  amino  acid  is  triturated  with  4  g 
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DIENE  SYNTHESIS  WITH  A  NIS  Y  LCTCLO  NE  AND  SOME  OTHER  CYCLONES 


V.  S.  Abramov  and  L.  A.  Shapshinskay a 


Phenylated  derivatives  of  cyclopentadienone  —  cyclones  —  are  extremely  reacuve  substances.  They  possess  a 
cis-butadienoid  system  of  conjugated  double  bonds  activated  by  the  carbonyl  group.  Such  a  system  is  bound  to  readily 
undergo  the  diene  synthesu.  This  has  actually  proved  to  be  the  case  by  a  series  of  mvestigators  who  reacted  cyclones 
with  various  dienophiles:  maleic  anhydride  [1],  p-quinone,  a-naphthoquinone  [2],  aiiyl  alcohol,  allyl  chlaide  [3], 
phenylated  derivatives  of  ethylene  [1]  and  acetylene,  phenylpropiolic  aldehyde,  phenylpropiolic  acid,  the  methyl 
ester  of  acelylenedicarboxylic  acid,  acetylene  [4],  etc.  ^ 

The  diene  synthesis  with  cyclones  proceeds  at  moderate  temperatures  and  with  relatively  brief  heating.  Par¬ 
ticular  ease  of  addition  is  noted  in  the  case  of  phencyclone,  the  reactions  with  which  sometimes  proceed  at  room 
temperature. 

Reactions  of  cyclones  with  compounds  containing  the  vinyl  radical  have  previously  been  investigated  by 
V.  S.  Abramov  [5]  who  described  reactions  of  vinyl  ethers  and  esters,  as  well  as  of  vinyi  bromide,  with  acecyclone,  % 

cyclone,  piperylcyclone,  and  aceanthrenecyclone.  The  reactions  with  vmyl  ethers  proceed  at  180-200*.  In  the 
reactions  of  vinyl  ethers  with  all  of  the  above^isted  cyclones  the  endocarbonyl  bridge  is  ruptured  and  cleavage 
occurs  of  either  a  molecule  of  alcohol  (in  the  case  of  vinyl  ethers)  or  of  a  molecule  of  acid  (in  the  case  of  esters) 
to  yield  the  corresponding  hydrocartons.  A  similar  course  is  followed  with  unsaturated  compounds  of  the  type  of 
vinyl  bromide.  Phencyclone  (I)  adds  on  both  vinyl  ethers  and  esters  with  considerably  greater  ease  than  other  cy¬ 
clones.  Unlike  other  cyclones,  i^ncydone  reacts  with  vinyl  ethers  and  vinyl  bromide  to  give  addition  products  in 
which  the  endocarbonyl  bridge  is  retained  in  accordance  with  the  scheme  [8]: 


When  the  products  of  addition  of  vinyl  compounds 
to  phencyclone  are  heated  in  high-boiling  solvents  such 
as  tetrahydronaphthalene  and  nitrobenzene,  the  endo¬ 
carbonyl  bridge  is  broken  and  cleavage  occurs  of  a  mole¬ 
cule  of  alcohol  or  acid  to  give  a  hydrocarbon  (II). 

The  purpose  of  the  i»esent  investigation  was  the 
study  of  the  behavior  of  anisylcyclone  (III)  in  diene  syn¬ 
theses  with  vinyl  compounds  of  the  type  of  CH|=CHX 
where  X  is  any  noncarbon  atom. 

Diene  syntheses  of  anisylcyclone  with  vinyl  ethers 
and  esters  were  performed  in  seal.ed  tubes  in  a  medium  of 
benzene.  The  reaction  mass  in  the  tubes  was  heated  to  a 
temperature  of  150-160“  for  10  to  20  hours. 
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The  investigation  has  revealed  that  the  diene  synthesis  of  anisylcycione  with  vinyl  compounds  proceeds  analo- 
gously  to  that  of  tetracyclone  and  other  cyclones  (except  phency clone),  i.e.,  in  the  conditions  of  the  diene  synthesis 
the  endocarbonyl  bridge  is  broken  and  cleavage  occurs  of  an  alcohol  (with  ethers),  an  acid  (with  esters),  or  hydrogen 
bromide  (in  the  case  of  vinyl  bromide). 

The  reactions  between  anisylcyclone  and  vinyl  ethers  may  be  represented  by  the  following  scheme: 

u  ^  n  '  ' 
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Reactions  were  performed  with  vinyl  n-butyl  ether,  vinyl  isoamyl  ether,  trivinyl  glyceryl  ether,  vinyl  phenyl 
ether,  vinyl  acetate  and  vinyl  bromide.  Ail  these  reactions  give  one  and  the  same  product:  l,4-diphenyl-2-,3-di- 
(pmethoxyphenyi)-benzene  (IV).  The  identity  of  the  l,4-diphenyl‘2,3-di-(p^nethoxy phenyl)  benzene  obtained  in  the 
various  diene  syntheses  was  established  by  mixed  melting  point  determinations,  when  no  depression  was  observed. 
The  hydrocarbon  forms  white,  well-defined,  lustrous  crystals  with  m.  pt.  180-181*. 

In  addition  we  studied  the  action  of  vinylamino  compounds  containing  a  tertiary  nitrogen  atom  on  cyclone 
and  anisylcyclone  as  representatives  of  dienes.  Vinylamino  derivatives  (N-vinylethanolamine  and  N-vinylcaprolac- 
tam)  were  selected  because  an  amino  group  has  an  effect  on  electron  displacement  contrary  to  that  of  other  vinyl 
compounds  (vinyl  ethers).  We  therefore  hoped  to  obtain  products  of  addition  to  cyclones.  Contrary  to  our  expec¬ 
tations  the  N-vlnyl  derivatives  react  with  cyclones  in  accordance  with  the  usual  scheme,  i.e.,  with  cleavage  of  the 
endocarbonyl  bridge  and  detachment  of  the  corresponding  amine  or  of  caprolactam.  This  behavior  of  vinylamino 
derivatives  may  probably  be  explained  by  the  influence  of  the  other  groups  in  their  molecules.  Owing  to  lack  of 
experimental  material  we  are  unable  to  draw  a  definite  conclusion. 


RC-H/ 


The  reaction  proceeds  according  to  the  scheme: 
Ph  p  Ph 

rn 

)CO  +  |l  — ^  I  Co  I  ’ 
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+  CO  +  R’NH, 


where  R  =  H  or  OCHj.  and  R‘  =  -CH,-Cl%OH  or 

XO— CH,-CHt 

The  reactions  were  performed  in  sealed  tubes  in  a  benzene  medium  and  at  tenperatures  of  170-200*.  The  hydro¬ 
carbon,  l,2,3,4“tetraphenylbenzene  is  easily  isolated  in  the  pure  state  when  starting  from  tetracyclone;  the  same 
applies  to  l,4-diphenyl-2,3-di-(p-methoxyphenyl)  benzene  when  starting  from  anisylcyclone.  These  hydrocarbons 
were  identified  with  the  help  of  the  mixed  melting  point  determinations  with  products  isolated  from  other  similar 
diene  syntheses. 

It  was  not  possible  to  isolate  in  the  pure  state  the  detached  ethanolamine  and  caprolactam  because  small 
amounts  were  used  in  the  experiments  and  they  resinified  in  the  experimental  conditions. 

We  also  investigated  the  diene  synthesis  of  cyclones  with  cu-bromo styrene  and  cj-nitrostyrene. 

It  was  to  be  expected  that  the  reactions  would  proceed  by  the  usual  mechanism  with  rupture  of  the  endo¬ 
carbonyl  bridge  and  cleavage  of  hydrogen  bromide  (in  the  case  of  w-bromostyrene)  and  of  nitrous  acid  (in  the  case 
of  w-nitrostyrene): 
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dry  be^nzene  yreit’r  3  heated  in  a  sealed  tube  at  110-120*  for  20  hours  and  at  140-150*  for  20  hours  until  the  red 
color  of  anisylcyclone  had  disappeared.  The  tube  was  opened  and  the  benzene  distilled  off.  To  the  residue  was 
added  alcohol  and  iiiunedlately  a  fine,  pale^ink  powder  came  down.  It  was  filtered  and  recrystallized  &om 
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acetone.  M.  pt.  180-181*.  Yield  0.3  g  or  QQPjo  of  theory.  In  admixture  with  l,4-diphenyl-2<3-di-(p-methoxyphenyl) 
benzene  it  melted  at  180-181*. 

Action  of  vinyl  acetate  on  anisylcyclone.  0,5  g  anisylcyclone,  1.5  ml  vinyl  acetate  (b.  pt.  72-73*)  and  15 
ml  dry  benzene  were  heated  in  a  sealed  tube  at  155-165*  for  30  hours  The  tube  was  opened  and  the  benzene  dis¬ 
tilled  off.  The  solidified  residue  was  recrystallized  from  alcohol  and  then  from  acetone.  M.  pt.  180-181*.  Yield 
0.38  g  or  IQPjo  of  theory. 

A  mixed  specimen  with  other  products  of  similar  reactions  (l,4-diphenyl-2,3-di-(p-methoxyphenyl)tbenzene 
melted  at  180-181*. 

Action  of  vinyl  bromide  on  anisylcyclone.  0.5  g  anisylcyclone,  1  ml  vinyl  bromide  and  15  ml  dry  benzene 
were  heated  in  a  sealed  tube  at  120*  for  10  hours  and  at  150*  for  10  hours.  The  contents  of  the  tube  partly  resini- 
fied.  When  the  tube  was  opened  it  was  noticed  that  pressure  had  developed  and  gaseous  hydrogen  bromide  came  off. 
The  benzene  was  distilled  off.  The  residue  was  diluted  with  ether  and  a  dark  precipitate  came  down  which  was  fil¬ 
tered  off  and  recrystallized  from  acetone.  The  product  did  not  contain  halogen  when  tested  by  burning  on  copper 
oxide.  After  three  recrystallizations  from  acetone  the  melting  point  was  constant  at  180-181*.  Yield  0.25  g  or  bOPjo 
of  theory.  A  mixed  sample  with  the  products  of  reaction  of  anisylcyclone  with  vinyl  ethers  melted  at  180-181*. 

Action  of  N-vinylethanolarmne  on  cyclone.  0.4  g  cyclone,  0.3  g  N-vmylethanolamine  and  15  ml  dry  ben¬ 
zene  were  heated  in  a  sealed  tube  under  carbon  dioxide  in  a  boiling  water  bath  for  10  hours,  and  the  reaction  was 
then  completed  by  heating  at  168*  for  8  hours.  The  contents  of  the  tube  were  poured  into  a  crystallizing  dish, 
and  following  removal  of  die  greater  part  of  the  benzene  there  separated  brown  crystals  badly  contaminated  with 
resin.  The  resin  was  washed  out  with  ether.  The  reaction  product  was  dissolved  in  a  mixture  of  alcohol  and  ben¬ 
zene  and  digested  with  animal  charcoal.  Cooling  of  the  filtrate  was  followed  by  separation  of  well-formed,  lus¬ 
trous-white  crystals,  with  m.  pt.  189-190*.  Yield  of  pure  product  0.15  g  or  Zl.^o  of  theory.  The  Lassaigne  test 
for  nitrogen  gave  a  negative  result.  A  mixed  sample  with  1,2,3,4-tetraphenylbenzene  melted  at  190-191*. 

Action  of  N-vinylcaprolactam  on  cyclone.  0.4  g  cyclone,  0.2  g  N-vinylcaprolactam  and  15  ml  dry  ben¬ 
zene  were  heated  in  a  sealed  tube  under  carbon  dioxide  at  160-180*  for  8  hours  and  the  reaction  then  completed 
by  heating  at  200*  for  8  hours.  The  reaction  products  were  transferred  to  a  crystallizing  dish  and  the  benzene  evap¬ 
orated  at  room  temperature,  leaving  a  crystalline  mass  saturated  with  resin.  The  latter  was  washed  out  with  ether. 
The  crystalline  residue  was  recrystallized  from  a  mixture  of  alcohol  and  benzene.  M.  pt.  189-190*.  Yield  0.2  g 
or  bVjo  of  theory.  A  mixed  sample  with  1,2,3,4-tetraphenylbenzene  melted  at  190*. 

Action  of  N-vinylethanolamine  on  anisylcyclone.  0.4  g  anisylcyclone,  0.3  g  N^inylethanolamine  and  15  ml 
dry  benzene  were  heated  in  a  sealed  tube  under  carbon  dioxide  at  170*  for  10  hours.  The  contents  were  poured  into 
a  crystallizing  dish  and  the  benzene  evaporated.  The  residue  of  dark-brown  resin  dissolved  readily  in  ether.  At  the 
bottom  of  the  dish  remained  a  fine,  dark  powder.  Careful  washing  with  ether  and  recrystallization  from  alcohol- 
acetone  and  then  from  acetone  gave  crystals  with  m.  pt.  180-181*.  The  Lassaigne  test  for  nitrogen  gave  a  negative 
result.  Yield  of  pure  product  0.1  g  or  25%  of  theory.  A  mixed  sample  with  the  product  of  reaction  of  anisylcyclone 
with  vinyl  ethers  melted  at  180-181*. 

Action  of  N-vinylcaprolactam  on  anisylcyclone.  0.4  g  anisylcyclone,  0.2  g  N-vinylcaprolactam  and  15  ml 
dry  benzene  were  heated  in  a  sealed  tube  at  160*  for  10  hours  and  then  at  180*  for  10  hours.  A  crystalline  residue 
contaminated  with  resin  was  obtained  after  removing  the  benzene.  The  resin  was  washed  out  with  ether.  The 
crystalline  residue  was  recrystallized  from  acetone-alcohol  and  then  from  acetone.  Lustrous  crystals  with  m.  pt. 
180-181*.  Nitrogen  was  absent.  Yield  of  pure  product  0.3  g  or  75%  of  theory.  A  mixed  specimen  with  the  above- 
described  product  melted  at  180-181*. 

Action  of  (j-nitrostyrene  on  cyclone  [7].  0.5  g  cyclone,  0.3  g  cj-nitrostyrene  and  10  mj  dry  benzene  were 
heated  in  a  sealed  tube  at  170*  for  30  hours  until  the  color  had  disappeared.  The  solvent  was  distilled  off  and  to 
the  residual  light-yellow  oil  was  added  ether  to  bring  down  white  crystals  which  after  recrystallization  from  alcohol 
melted  at  244-245*.  Yield  0.3  g  or  50.8%  of  theory.  The  product  did  not  contain  nitrogen.  No  depression  in  melt¬ 
ing  point  when  mixed  with  pentaphenylbenzene. 

Action  of  <u-nitrostyrene  on  acecyclone.  1  g  acecyclone,  0.6  g  w-nitrostyrene  and  15  ml  dry  benzene  were 
heated  in  a  sealed  tube  at  170*  for  30  hours.  The  benzene  was  distilled  off.  The  residual  resin  was  diluted  with 
ether  when  the  resinous  portion  dissolved  to  leave  a  residue  of  yello.w  powder.  The  latter  was  filtered,  well-washed 
with  ether  and  recrystallized  from  a  mixture  of  equal  parts  of  alcohol  and  benzene  and  then  from  petrol  M.  pt. 
194-195*.  Yield  0.77  g  or  68.7  %  of  theory.  No  depression  of  melting  point  in  admixture  with  the  product  of 
reaction  of  bromostyrene  and  acecyclone. 
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Action  of  a>-fiitros!.>Teue  on  anisylcycAone.  0<,5  g  anisylcycione,  0.3  g  w-nit’ostyrene  and  15  ml  dry  benzene  ‘ 

were  heated  in  a  sealed  tube  at  160'  for  10  Hours  and  then  at  180®  for  10  hours.  Pressure  was  released  when  the  tube 
was  opened  and  the  odor  of  oxrdes  of  nitrogen  was  noticed.  After  removal  of  the  benzene  the  residual  crystalline 
product  was  weli-s\fashed  with  ether  and  recr/staii:ied  from  a  roijrture  of  alcohol  and  acetone  to  give  stout  white 
crystals  with  m.  pt,  222  -223®.  Nitrogen  was  absent.  Yield  of  pure  product  0.4  g  or  70^  of  theory. 

0.0914  g  substance:  0.2926  g  CO^;  0.0486  g  HgO.  Found  C  87.31;  H  5.91.  CggHsiO,.  Calculated  <55>: 

C  88.03;  H  5,79 

Action  of  to-bromostyrene  on  cyclone  0. 5  g  cyclone,  1  mi  tu-ljiamostyrcne  and  15  ml  dry  benzene  were 
heated  in  a  sealed  tube  at  150  160®  fi.  12  and  at  180-190®  for  15  hotirs  until  the  color  nad  disappeared.  On 
opening  the  tube  a  large  amount  of  hydiogen  bromide  came  off.  The  benzene  was  distilled  off  to  a  third  of  its 
volume  and  alcohol  was  added  to  the  residue  The  prodtsot  crystaJirzed  and  was  fil.tered  off  and  recrystaiiizcd 
twice  from  a  mixture  of  equal,  parrs  of  met.tiyi  alco'hol  and  benzene.  M.  pt.  244-245®.  Yield  0.45  g  o.t  83.3%  of 
theory.  The  melting  point  was  not  dejxessed  in  admixture  with  pentaphenyribenzene. 

Action  of  cu-bromostyrene  on  acecyclone.  1  g  acecycione,  1.5  mi  u)-bromostyie.ne  and  15  mi  dry  benzene 
were  heated  in  a  sealed  tube  at  150-160®  for  12  hours  and  at  180-190®  for  15  hours.  A  .  arge  amount  of  hydrogen 
bromide  came  off  when  the  tube  was  opened.  The  solvent  was  distilled  off  and  ether  added  to  the  residue;  crys¬ 
tals  came  down  at  once  These  were  filtered  and  tw.ice  ■.ecry  siali..’zed  from  a  mixture  of  equal  parts  of  methyl 
alcohol  and  benzene  M.  p:.  194*195°.  Y;.eid  0.8  g  or  66.6^o  of  theory  . 

0.1016  g  subshince*  0.3520  g  COj;  0.0504  g  HgO.  Found  C  94.47;  H  5.56.  Calculated 

C  94.88;  H  5.22. 

Action  of  a/*bromostyren.e  on  antsy i.cycione.  0.3  g  anisyicyC'one,  0.4  g  cu-bromostyrene  and  15  ml  dry 
benzene  were  heated  in  a  sealed  tube  under  carbon  dioxide  at  150-160°  far  15  hours  and  at  180-190®  for  10  hours. 

A  small  amount  of  hydrogen  bromide  came  off  when  the  tube  was  opened.  The  solvent  was  distilled  off  and 
ether  added  to  the  resinous  residue.  The  resm  dissolved  and  crystals  temajied  at  the  bottom  of  t.he  crystallizing 
dish.  These  were  twice  recrystaiiizcd  from  alcohol-acetone.  M.  pt.  222-223®.  Yield  of  pure  product  0.2  g  or 
66.60^0  of  theewry.  Halogen  was  found  to  be  absent  in  the  copper  oxide  test. 

A  sample  mixed  with  the  product  of  reaction  of  anlsyicyclone  with  tu^iitrostyrene  melted  at  222-223®  and 
did  not  show  any  depression. 

SUMMARY 

1.  Antsy icyclone  reacts  with  vinyl  ethers  and  esters  and  with  vinyl  bronude  according  to  the  diene  syn¬ 
thesis  reaction. 

2.  During  the  diene  sy  nthesis  the  endocarbonyl  bridge  is  ruptured  and  cleavage  occurs  of  alcohol  (in  the 
case  of  vinyl  ethers)  and  of  acid  (in  the  case  of  vinyl  esters),  or  of  hydrogen  bromide  (in  the  case  of  vinyl  bromide); 
all  these  reactions  yield  one  and  the  same  product  — l,4*<liphenyl-2,3-di-(p-methoxvphenyl)benzene  (VIII). 

3.  Tetracycione  and  amsyicycione  react  with  N-vinyl  derivatives  (N-vinylethanolamine  and  N-vinylcapro- 
lactam)  according  to  the  usual  synthesis  with  yrlnyl  compounds  with  rupture  of  the  endocarbonyl  bridge  and  cleav¬ 
age  of  amine  or  caprolactam. 

4.  Tetracycione,  acecyclone  and  anlsyicyclone  react  with  w-bromostyrene  and  oMUtrostysene  according 
to  the  usual  scheme  with  rupture  of  the  eridocarbonyl  bridge  and  cleavage  of  hydrogen  bromide  or  the  elements 
of  nitrous  acid. 
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INVESTIGATION  OF  THE  ALKALOIDS  OF  MAKROTOMIA  ECHIOIDES 
1.  A  NEW  ALKALOID,  MACROTOMINE,  AND  ITS  STRUCTURE 

j  G.  P.  Menshikov  and  M.  F.  Petrova 


The  habitat  of  Makrotomia  echioides,  a  plant  belonging  to  the  borage  family  (Borraginaceae),  is  the  Trans- 
Caucasus.  Alkaloids  were  first  detected  in  it  by  P.  S.  Massagetov  who  also  collected  specimens  for  this  investigation. 

Applying  the  usual  method  of  dichloroethane  extraction  of  the  dry  above-ground  parts  of  the  plant  which  had 
been  treated  with  ammonia,  we  isolated  an  alkaloid  which  crystallized  horn  acetone  in  the  form  of  large  colorless 
prisms,  melting  at  95-97*.  This  alkaloid  is  a  saturated  substance  with  the  composition  C^F^t^N  and  [a]D~6.9*. 
Judging  by  these  data  and  also  by  its  other  properties,  the  alkaloid  is  a  new  and  previously  undescribed  substance, 
and  we  have  therefore  given  it  the  name  of  "macrotomine*.  The  content  of  the  latter  in  the  air-dry  above-ground 
parts  of  the  plant  does  not  exceed  QA^.  Alkaline  hydrolysis  of  macrotomine  yielded  only  an  amino,  alcohol  with 
the  composition  CgHigON  and  acetone  (the  latter  identified  through  the  semicarbazone).  A  direct  comparison 
showed  the  amino  alcohol  to  be  identical  with  trachelantamidinr ,  previously  obtained  by  us  by  hydrolysis  of  other 
alkaloids  of  plants  of  the  borage  family  [1]  and  whose  structure  had  been  established  by  one  of  us  (Q  This  result 

of  hydrolysis  showed  that  m'actd^omin  is  an  ester  (^f  the  alreadyiknown  trachelantaffrldine  anduaigxEknbwn  iabid  which  brdaks 
down  on  hydrolysis.  From  a  comparison  of  the  empirical  formulas  of  macrotomine  (Cj^I^O^N)  and  trachelant 
amidine  (CgHigON),  it  is  easily  seen  that  the  unknown  acid  must  have  the  composition  Three  acids  are 

already  known,  however,  out  of  those  obtained  by  hydrolysis  of  plant  alkaloids  from  the  borage  family  —heliotrinic 
[3],  trachelantlc  [4]  and  viildiflcalc  [5],  the  basic  skeleton  of  which  also  conuins  7  carbon  atoms.  The  structural 
fwmula  (II)  was  established  by  one  of  us  for  heliotrinic  acid,  and  structural  formula  (III)  for' viridiflotic  acid.  These 
formulas  show  that  heliotrinic  acid  only  differs  from  trachelantlc  acid  in  containing  a  methoxyl  in  place  of  a  hyd¬ 
roxyl  group,  while  viridofloric  acid  has  precisely  the  same  structure  as  trachelantlc  acid  of  which  it  is  a  diaster- 
eomer.  On  the  basis  of  this  similarity  in  structure  it  is  extremely  probable  that  the  unknown  acid  of  macrotomine 
has  a  similar  structure  and  only  differs  from  trachelantlc  acid  in  containing  another  hydroxyl  group  which  is  lo¬ 
cated  at  the  carbon  atom  linked  to  the  two  methyl  groups,  as  evidenced  by  the  formation  of  acetone  on  hydrolysis. 

In  short,  we  can  assume  that  the  acid  of  macrotomine  has  the  structure  of  2-methyl-2,3,4-trihydroxypentane-3- 
carboxylic  acid  (IV).  For  confirmation  of  our  assumption  we  selected  the  method  of  oxidation  of  the  alkaloid 
with  iodic  acid.  If  the  acid  really  has  structure  (IV),  then  macromotine  itself  must  have  structure  (V),  and  oxida¬ 
tion  with  iodic  acid  should  therefore  proceed  with  consumption  of  two  atoms  of  oxygen  and  formation  of  acetone, 
the  acid  oxalate  of  trachelantamidine  (VI)  and  acetaldehyde  [see  structure  (V);  the  broken  line  shows  the  place  of 
rupture].  Finally,  all  this  could  only  occur  if  trachelantamidine  itself  did  not  enter  into  reaction  with  iodic  acid. 

In  order  to  test  this  last  point,  we  perfumed  an  experiment  in  which  the  oxidation  of  trachelantamidine  with  iodic 
acid  was  attempted.  It  was  found  that  the  iodic  acid  was  not  reduced  at  all.  Furthermore,  a  similar  experiment 
was  performed  with  macrotomine  itself,  and  it  was  found  that  the  amount  of  iodic  acid  required  for  oxidation  (as 
determined  by  titration)  was  almost  precisely  two  moles  per  mole  of  macrotomine,  corresponding  to  one  mole  of 
oxygen  per  mole  of  alkaloid.  These  data,  which  confirmed  our  above  assumption  about  the  structure  of  macroto¬ 
mine,  prompted  us  to  institute  experiments  on  the  oxidation  of  relatively  large  amounts  of  macrotomin  for  the 
purpose  of  a  detailed  investigation  of  the  resultant  products.  At  first  we  carried  out  the  oxidation  of  macrotomine 
in  a  strongly  acid  medium  in  presence  of  free  sulfuric  acid.  By  this  means  we  isolated  and  identified  the  acetone 
and  acetaldehyde  anticipated  on  the  basis  of  formula  (V).  Concerning  the  anticipated  acid  oxalate  of  trachelan¬ 
tamidine,  ,we  isolated  in  its  place  the  jxoducts  of  its  saponification,  i.e.,  trachelantamidine  and  oxalic  acid.  It 
can  easily  be  seen  that  these  results  do  not  conflict  with  the  above  postulates  and  that  they  form  equally  convinc¬ 
ing  evidence  of  the  correctness  of  out  claim  that  macrotomine  has  the  structure  (V).  Apart  frcnn  that,  they  show 
that  the  acid  oxalate  of  trachelantamidine^  is  apparently  an  extremely  unstable  subsunce  readily  susceptible  to 
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saponification.  Assuming  that  the  saponification  of  this  ester  proceeded  because  of  the  presence  of  free  sulfuric  acid 
in  the  solution,  we  carried  out  experiments  on  the  oxidation  of  macrotomine  with  sodium  iodate,  but  even  by  this 
method  it  was  impossible  to  isolate  the  oxalate  of  trachelantamidin  in  the  pure  form.  However,  Immediately 
after  the  oxidation  the  solution  contained  a  considerable  amount  of  free  oxalic  acid  which  could  be  isolated  in  the 
form  of  the  calcium  salt.  But  in  addition  the  solution  contained,  apparently,  the  ester  as  evidenced  by  the  forma¬ 
tion  of  a  fresh  fairly  large  quantity  of  free  oxalic  acid  after  saponification  of  a  solution  from  which  all  of  the  free 
oxalic  acid  had  pteviously  been  precipitated  in  the  form  of  the  calcium  salt.  All  this  points  to  the  great  instability 
of  the  acid  oxalate  of  trachelantamidin:  7  which,  of  course,  greatly  complicates  its  separation  in  the  pure  form. 
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EXPERIMENTAL 

Isolation  and  purification  of  macrotomine.  5  kg  pulverized,  air-dry,  above-ground  parts  of  the  plant 
were  processed  with  ammonia  solution  until  there  was  a  strong  odor  of  ammonia  and  then  exhaustively 
extracted  with  dichloroe thane  (test  with  sUicotungstic  acid  solution).  From  the  dichloroethane  solution  the 
base  was  extracted  with  10^  sulfuric  acid  solution.  The  acid  extract  was  treated  with  iOPjo  ammonia  solution 
until  strongly  alkaline  and  extracted  with  chloroform.  The  chloroform  extract  was  dried  with  sodium  sulfate 
and  filtered  before  the  chloroform  was  distilled  off  completely  on  the  water  bath.  The  residual  viscous  oil 
crystallized  at  once  when  triturated  with  acetone.  The  crystalline  precipitate  was  filtered  at  the  pump,  washed 
with  a  little  acetone  and  recrystallized  three  times  from  five  times  the  amount  of  acetone.  After  this  purification 
the  substance  was  in  the  form  of  large,  colorless  prisms  melting  at  95-97*  after  drying  in  vacuum  (50-55*,  15  mm). 

The  total  yield  was  about  20  g. 

0.768  g  substance  :  10  ml  alcohol:  1^1  dm;  -0.52*.  [a]jj-6.9*.  3  .830  mg  substance;  8.421  mg  CO,; 

3.037  mg  HiP.  3.616  mg  substance:  7.9€7  mg  CC^;  2.933  mg  H,0.  7.693  mg  substance:  0.325  njl  1^  (25*, 

736  ihmi).  8.766  rng  substance;  p.369  ml  (27*,  .730  mtn).  6.666  ml  substance;  1.44  mg  CH4  (17*,  748  mm). 

Found  C  59. 96,  6 0.0 8;  H  a.87,,9.07;  N  4.67,  460;  OH  15.2.  Ci.H,70,N.  Calc.^o:  C  59.76;  H  9.03;  N  4.64; 
30H  16.94. 

Macrotomii^is  very  easily  soluble  in  water  and  alcohol,  less  easily  soluble  in  cold  acetone  and  be  zene, 
poorly  soluble  in  ether. 

Macrotomine  picrate  was  prepared  by  mixing  alcoholic  solutions  of  the  base  and  picric  acid.  After  cry¬ 
stallization  from  alcohol  the  picrate  had  the  form  of  light -yellow  fine  needles,  melting  without  decomposition 
at  130-132*'. 

5.115  mg  substance;  0.465  ml  N,  (22*,  756  mm).  Found  N  10.46.  Ci6H,^N'C(|H,07N,.  Calculated 
N  10.56. 

Saponification  of  macrotomine.  5  g  of  the  alkaloid  was  dissolved  in  20  ml  of  2  N  sodium  hydroxide. 
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and  the  solution  heated  fo>  2  hours  under  a  reflux  condenser  on  the  boiling  water  bath.  The  condenser  was  then 
placed  in  the  sloping  positron  and  10  ml  was  distilled  off  from  the  solution  at  normal  pressure.  To  the  distillate 
were  added  dry  semicarbazide  hydrochloride  and  sodium  acetate.  A  crystalline  piecipitate  at  once  appeared  and 
was  recrystallized  from  alcohol.  It  melted  at  190*  and  did  not  depress  the  melting  point  of  acetone  semicarbazide. 
The  alkaline  solution  from  which  the  acetone  had  been  distilled  off  with  water  was  extracted  with  chloroform. 

The  chloroform  extract  was  dried  with  sodium  sulfate  and  the  chloroform  distilled  off  to  leave  an  oil  which  was 
distilled  in  vacuum  (16  mm)  at  142*.  The  distilled  base  was  identified  as  tracheiantamidim  both  from  its 
properties  and  from  the  properties  of  the  salts  prepared  from  it. 

The  alkaline  solution  from  which  the  tracheiantamidim  had  been  extracted  with  chloroform  was  treated 
with  20  ml  2  N  hydrochloric  acid  solution,  and  the  water  was  completely  distilled  off  therefrom  m  vacuum  (15  mm). 
The  residue  was  finally  dried  by  addition  of  absolute  alcohol  which  was  then  distilled  off,  and  the  dried  residue 
was  extracted  with  hot  absolute  alcohol.  The  alcohol  solution  was  filtered  from  inorganic,  salts  and  the  solvent 
distilled  off.  There  remained  a  viscous  oil  with  an  acidic  character.  All  attempts  to  crystallize  it  or  to  prepare 
crystalline  salts  from  it  met.  with  failure.  Experiments  were  also  carried  out  on  the  saponification  of  ma:rotomine 
with  barium  hydroxide  in  which  the  barium  was  removed  in  the  form  of  carbonate,  but  negative  results  were 
likewise  obtained.  No  substances,  apart  from  acetone  and  trachelantamiduu  could  be  isolated  in  the  pure  state. 

Oxidation  of  macrotomine  with  iodic  acid  in.  an  acid  medium  To  3  g  of  the  alkaloid  were  added  40  ml 
i  N  sulfuric  acid  solution,  30  ml  water  and  5  g  potassium  lodate.  The  mixture  was  agitated  on  a  shaking 
machine  until  the  piecipitate  had  completely  dissolved,  and  the  solution ‘was  left  overnight  at  room  temperature. 

The  next  morning  the  solution  was  divided  into  two  parts,  equal.  One  of  these  was  placed  m  a  Wurtz  flask 
connected  to  a  wash  bottle  containmg  dimedon  solution  which  had  been  saturated  at  room  temperature.  The 
Wurtz  flask  was  closed  with  a  stopper  through  which  passed  a  glass  tube  reaching  to  the  bottom.  A  stream  of 
air  was  slowly  sucked  through  for  four  hours.  The  crystalline  precipitate  which  separated  from  the  dimedon  solu¬ 
tion  was  filtered  off.  After  recrystallization  from  water  it  melted  at  139-140*  and  did  not  depress  the  melting 
point  of  acetaldehyde  aldimedon.  The  solution  remaining  after  distillation  of  the  acetaldehyde  in  an  air  stream 
was  repeatedly  extracted  with  ether.  After  removal  of  the  solvent  there  remained  a  crystallme  deposit  which 
after  recrystallization  from  water  and  sublimation  was  identified  as  oxalic  acid.  The  solution  from  which  the 
oxalic  acid  had  been  extracted  with  ether  was  treated  with  a  large  excess  of  IVJq  ammonia  solution  and  exhaustively 
extracted  with  chloroform.  The  chloroform  extract  was  dried  with  sodium  sulfate  and  the  chloroform  distilled  off, 
leaving  an  uncrystallizable  oil  which  was  identified  by  direct  comparison  as  trachelantamidinc 

The  second  part  of  the  solution  was  treated  with  barium  hydroxide  until  alkaline  to  phenolphthalein.  The 
solution  was  freed  from  the  precipitate  by  decantation  and  from  it  was  distilled  off,  at  the  ordinary  pressure, 
about  IS  ml  water.  The  distillate  was  treated  with  freshly  prepared  ammoniacal  silver  solution  for  removal  of 
the  acetaldehyde.  A  silver  mirror  was  at  once  formed.  After  sundmg  for  three  hours  the  precipitate  was  removed 
by  decantation  and  from  the  solution  was  distilled  (using  a  dephlegmator)  5  ml  water  at  the  ordinary  pressure.  To 
the  distillate  was  added  dry  semicarbazide  hydrochloride  and  dry  sodium  acetate.  The  resultant  precipitate 
melted  at  190*  (from  alcohol)  and  did  not  depress  the  m.p.  of  acetone  semicarbazone. 

Oxidation  of  macrotomine  with  sodium  iqdate.  1.2  g  of  the  alkaloid  was  dissolved  in  30  ml  water;  to  the 
solution  was  added  1.9  g  sodium  lodate,  and  the  whole  left  for  24  hours  at  room  temperature.  To  the  solution, 
which  had  a  strong  odor  of  acetaldehyde,  was  added  strong  calcium  chloride  solution.  The  precipitate  was  filtered, 
carefully  washed  with  water,  treated  with  10  ml  of  sulfuric  acid  solution  and  extracted  several  times  with 
ether.  The- ether  was  driven  off  from  the  extract  to  leave  a  small  amount  of  crystals  identified  as  oxalic  acid. 

To  the  solution  from  which  the  free  oxalic  acid  had  been  ixrecipitated  with  calcium  chloride  was  added 
10  ml  20^  sulfuric  acid  before  heating  for  two  hours  on  the  boiling  water  bath.  The  hot  solution  was  filtered 
from  inorganic  salts,  cooled,  and  repeatedly  extracted  with  ether.  After  removing  the  ether,  there  remained  a 
fairly  large  amount  of  crystals,  also  identified  as  oxalic  acid. 

SUMMARY 

1,.A  new  crystalline  alkaloid,  macrotomine,  CnHyPiN.  was  isolated  from  the  Transcaucasian  plant  Makrotomia 
e'chioides,  belonging  to  the  borage  family.  It  melts  at  95-97*  and  has  m.p.  95-97*  and  [a]^  -6.9*. 

2.  Alkaline  hydrolysis  of  macrotomine  enables  only  an  amino  alcohol  of  the  composition  CgHjsON 
and  acetone  to  be  isolated. 
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3.  The  isolated  amino  alcohol  was  found  to  be  identical  with  trachelantamidinj ,  preobtained  by 
hydrolysis  of  the  alkaloids  trachelantamine  and  viridiflorine  and  for  which  the  structure  (I)  had  already  been 
established. 

4.  The  results  of  hydrolysis  show  that  macrotomine  is  an  ester  of  trachelantamidine  and  an  unknown 
acid  which  decomposes  on  hydrolysis  to  form  acetone. 

5.  Oxidation  of  macrotomine  with  iodic  acid  consumes  one  mole  oxygen  per  mole  alkaloid  and  yields 
acetone,  trachelantamidinj  oxalic  acid  and  acetaldehyde,  which  points  to  structure  (V)  as  the  only  possible 
one  for  macrotomine. 
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IV.  INVESTIGATION  OF  DELPHINIUM  ALKALOIDS 

S.  Yunusov  and  N.  K.  Abubakirov 


In  the  investigation  of  the  amorphous  mixtures  remaining  after  separation  of  the  crystalline  portion  of  the 
total  alkaloids  from  Delphinium  semibarbatum  [1],  it  was  noted  that  an  additional  amount  of  the  amino  alcohol, 
delsine,  can  be  obtained  by  their  saponification  in  alkalies.  In  the  acidic  portion  of  the  hydrolysis  products, 
however,  was  found  not  delseminic  acid  (which  would  have  pointed  to  the  presence  in  the  mixture  of  residues  of 
the  alkaloid,  delsemine)  but  methylsuccinylanthranilic  acid.  A  similar  observation  was  made  in  work  with  the 
unseparated  portion  of  the  total  alkaloids  from  D.  creophilum*  [2].  These  facts  support  the  belief  that  the  above- 
mentioned  plants  possibly  contain,  in  addition  to  delsemine  and  delsin;  a  third  base  with  a  stmcture  close  to 
that  of  delsemine.  After  some  efforts,  this  alkaloid  was  actually  isolated  in  the  form  of  the  crystalline  salt  of 
perchloric  acid.  The  base  itself,  obtained  by  decomposition  of  the  perchlorate,  was  amorphous.  Apart  from  the 
perchlorate,  the  crystalline  hydroiodide  was  isolated. 


Elementary  analysis  of  the  base  corresponds  to  C37H5oOjo^|.  This  formula  is  also  confirmed  by  the  summa¬ 
tion  of  the  formulas  of  hydrolytic  decomposition  of  the  alkaloid'delslUt,  C|5H4j07N  and  methylsuccinylanthranilic 
acid,  CjjH^O^N. 

On  comparing  the  properties  of  our  alkaloid  with  the  properties  of  the  alkaloids  isolated  from  other 
varieties  of  Delphinium,  we  noted  that  it  closely  resembles  methyllycaconitine  and  delartine.  The  first  was 
found  by  Goodson  [4]  in  1943  in  Delphinium  elatum,  the  second  by  Rabinovich  and  Konovalova  [5]  in  Delphinium 
sp.  (a  varietal  name  not  yet  established).  In  the  table  are  compared  the  physico-chemical  constants  of  the  above 
compounds. 


Constants  | 

Delsemidine 

Delartine  1 

Methyllyca¬ 

conitine 

Formula  of  base 

\ 

CiyHsoNiOio 

CmHbjNjOu 

CjrHaNiOio 

Melting  point 

122-130* • 

110-130* 

119-128** 

Specific  rotation  in  alcohol 

-^6.6 

+45.1 

+49.1 

Hydroiodide,  dry,  melting  point 

199-202 

- 

201 

It  It 

[a]  in  1  N  KOH 

+18.7 

- 

+18.5 

It  It 

[a]„  0.2  N  KOH 

,  +21.8 

+24.4 

N  « 

[a]n  0.024  N  KOH  - 

- 

+31.2 

m  m 

[a]j)  in  alcohol 

+22.6 

- 

- 

Perchlorate,  dry. 

melting  point 

194-195 

188-190* 

- 

m  m 

.[a]]D  in  alcohol 

+25.4 

+25.08 

■ 

*  All  the  melting  points  have  been  corrected  for  the  exposed  part  of  the 
mercury. 


According  to  this  table 
the  properties  of  all  three 
alkaloids  are  so  close  that 
there  would  hardly  appear 
to  be  any  doubt  that  they 
are  identical.  But  when 
comparing  such  compounds 
we  must  not  omit  an  examina¬ 
tion  of  the  products  of  their 
saponification.  All  three 
bases  are  esters.  Methyl¬ 
lycaconitine  hydrolyzes  when 
heated  with  alkali  and  forms 
methylsuccinylanthranilic 
acid  and  an  amino  alcohol 
which  Goodson,  from  the 
similarity  of  some  of  its 


•  Ift  1940'  the  botanist  K.  S.  Afanasev  [3]  described  a  new  variety  of  delphinium —  Delphinium  rotundifolium  — 
from  the  northern  slopes  of  the  Turkestan  mounwins.  It  resembles  D.  oreophilum  but  differs  from  it  mainly  in 
its  round  quinquepartite  lower  leaves  and  in  the  character  of  its  trimming.  According  to  an  examination  by 
E.  E.  Korotkova,  director  of  the  botanical  group  of  our  institute,  the  material  investigated  by  us  more  nearly 
resembles  D.  rotundifolium  Afan.  than  D.  oreophilum  Huth. 
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properties,  took  to  be  lycoctonine.  Although  the  cleavage  with  formation  of  methylsuccinylanthranilic  acid  is 
also  consistent  with  our  own  data,  there  is  little  probability,  as  already  shown  [6],  that  the  amino  alcohols 
lycoctonine  and  delsin  are  identical. 

On  the  other  hand,  although  there  is  hardly  any  doubt  of  the  identity  between  delartine  and  delsine  [6], 
their  esterifying  acids — delartic  and  methylsuccinylanthranilic  acids — exhibit  a  series  of  differing  properties. 
When  delartic  acid  is  hydrolyzed  in  an  acid  medium  it  splits  up  into  anthranilic  acid  and  a  crystalline  substance 
with  m.p.  170-172*  whose  structure  has  not  yet  been  elucidated  but  which  apparently  contains  three  carbon  atoms. 
But  the  acid  which  we  isolated  hydrolyzes  under  analogous  conditions  to  anthranilic  and  methylsuccinic  (m.p. 

112*)  acids. 

On  the  basis  of  the  above  considerations,  we  propose  to  call  our  alkaloid  "delsemidine".  Whether  or  not  it 
is  identical  with  methyllycaconitine  and  delartine  will  only  be  decided  after  a  direct  comparison  of  specimens  of 
all  three  alkaloids. 

On  the  assumption  that  hydrolysis  of  delsemidine  involves  consumption  of  two  equivalents  of  alkali  and 
that  the  resultant  acid  is  dibasic,  the  partially  established  formula  of  the  alkaloid  may  be: 

tCi,H,i(NC,H,)(OCH,)4(OH)] 

<  > 

C0C,H4NHC0CH(CH,)CH,C0. 

EXPERIMENTAL 

Isolation  of  delsemidine.  The  amorphous  mixture  remaining  after  fractionation  of  the  total  alkaloids  of 
Delphinium  semibarbatum  and  separation  of  delsemine  is  extracted  in  the  cold  with  small  portions  of  ether. 

The  combined  ether  extract  of  the  alkaloids  is  separated  into  seven  fractions  by  successive  extraction  with  1  N 
hydrochloric  acid.  To  each  fraction  is  added  a  saturated  aqueous  solution  of  ammonium  perchlorate;  from 
each  fraction  is  at  once  precipitated  a  white,  soft  mass.  The  acid  solutions  containing  the  precipitates  are 
placed  in  an  ice  chest.  After  two  days  the  material  in  the  first  three  fractions  had  solidified  completely,  and 
fine  crystals  had  appeared  on  the  walls.  The  crude  delsemifline  perchlorate  was  recrystallized  from  5  parts  of 
water  and  15  parts  methanol.  The  recrystallized  salt  was  pulverized  and  covered  with  10  parts  water.  Addition 
was  then  made  of  a  few  milliliters  of  concentrated  ammonia  solution.  An  excess  of  ammonia  was  avoided  as 
far  as  possible.  The  separated  friable  precipitate  was  filtered  at  the  pump,  washed  a  few  times  with  water,  and 
dried  in  a  vacuum  desiccator  over  calcium  chloride. 

Separation  of  delsemidine  from  the  total  alkaloids  of  D.oreophilum  is  effected  in  a  similar  manner. 

Delsemidine.  Free  delsemidine,  dehydrated  by  drying  in  a  vacuum  at  105*,  is  a  light,  amorphous 
powder  with  a  faint  yellow  color.  It  could  not  be  recrystalli;fed  from  any  solvent.  The  alkaloid  is  very 
unstable  to  alkalies  and  acids.  Even  in  low-boiling  solvents  its  solutions  rapidly  darken  when  heated. 

Delsemidine  melts  in  the  range  122-130*  with  frothing.  The  base  is  very  easily  soluble  in  alcohol, 
acetone,  chloroform  and  benzene,  fairly  easily  soluble  in  ether,  sparingly  soluble  in  petroleum  ether  and  water. 

0.4080  g  substance:  in  10  ml  alcohol;  ^10.0;  ap  +  1.90*,  [a]{)  +  46.6*. 

0.1262  g  substance:  0.2994  g  CO|:  0.0850  g  H|0.  0.1200  g  substance:  0.2850  g  CO|;  0.0808  g  H|0. 

0.1042  g  substance:  4.10  ml  N|  (23*,  727  mm).  0.1036  g  substance:  4.15  ml  Nt  (22*,  728  mm). 

Found  %  C  64.74,  64.81;  H  7.54,  7.53;  N  4.36,  4.44.  CjtHjoOjoNi.  Calculated  <?1);  C  65.08;  H  7.38; 

N4.10. 

Delsemidine  hydroiodide.  2.0  g  delsemidine  is  dissolved  in  4.0  ml  alcohol  and  the  solution  acidified 
with  a  few  drops  of  10<1^  hydriodic  acid  until  weakly  acid  toCongo  red.  On  the  following  day  the  contents  of 
the  flask  are  inthe  form  of  a  crystalline  mass.  The  salt  is  drained  at  the  pump  and  recrystallized  from  70^o 
alcohol.  Delsemidine  hydroiodide  crystallizes  in  the  form  of  very  fine  needlets  containing  3  moles  of  water 
of  crystallization  and  usually  aggregating  to  yellow  clusters. 

0.9284  g  substance:  0.0580  g  H|0  (105*,  in  vacuum).  Found  <^:  H,0  6.25.  CtfH|gOioNt*HI*3H|0. 

Calculated  HgO  6.25. 

The  dehydrated  salt  melts  gradually  at  199-202*  (with  decomposition).  It  is  sparingly  soluble  In  water 
and  alcohol. 
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Goodson  [4]  determined  the  specific  rotation  of  methyliycaconitine  hydroiodide  in  potassium  hydroxide 
solution  and  reported  that  [a]jj  changes  with  the  concentration  of  the  alkali  solution.  This  behavior  was  also 
observed  with  delsemidine  but  to  a  less  marked  degree, 

0.2028  g  substance;  in  10  ml  0.9675  N  alcoholic  solution  of  KOH;_l  10.0;  ajj  +  0.38“,  [a]S  +  18.7^. 
0.2017  g  substance  in  10  ml  0.1935  N  alcohbLc  solution  of  KOH;_l  10  0;  ap  +  0.44*,  [a]|5  +  21.8*.  0.1994 
g  substance  in  25  ml  alcohol;  1^10,0;  ajj  +  0.18",  [a]p  *  22.6*.  0  1264  g  substance:  3.11  ml  0.05  N  AgNOj 
(potentiometrically).  0.1324  g  substance:  3.28  ml  0.05  N  AgNOs.  Found  115.61,15.72.  Cj'jHgiOjjNj'HI 
Calculated  <7o:  I  15.66. 

Delsemidine  perchlorate.*  After  repeated  recrystallization  from  aqueous  methanol,  the  perchlorate 
is  in  the  form  of  fine  platelets  aggregated  to  large  clusters.  The  salt  crystallizes  with  1.5  moles  water.  The 
dried  salt  melts  at  194-195"  with  decomposition.  Like  the  hydroiodide,  the  perchlorate  is  sparingly  soluble 
in  water  and  alcohol.  The  solutions  have  a  slight  violet  fluorescence. 

Saponification  of  delsemidine.  Into  a  solution  of  4.0  g  delsemidine  in  30  ml  methanol  is  poured  11.8  ml 
of  1.0  N  potassium  hydroxide  (2  equivalents),  and  the  alcohol  rapidly  distilled  off.  When  the  main  bulk  of  the 
alcohol  was  evaporated,  10  ml  water  is  added  to  the  residue.  After  a  sn<»t  time  crystallization  commences.  The 
crystals  are  drained,  washed  with  a  few  milliliters  of  water  and  recrystallized  from  70^o  alcohol.  The  pure 
crystals  have  m.p.  139"  and  do  not  depress  the  melting  point  of  deism  The  slightly  yellow  alkaline  mother 
liquor  is  exhaustively  extracted  with  ether  for  removal  of  traces  of  delsin,  and  is  then  acidified  in  the  cold 
with  6  ml  1.0  N  hydrochloric  acid.  On  the  following  day  the  small  brown  precipitate  is  filtered  off  and 
addition  is  made  to  the  solution  of  a  further  6  ml  of  1.0  N  acid.  The  oil  which  t*-.en  separates  is  left  overnight*"- 
and  crystallizes.  The  ftltered  and  diied  crystals  melt  at  163-164".  A  mixed  sample  with  a-methylsuccinyl- 
anthranilic  acid  melts  at  164-165". 

The  crystals  with  m.p.  163-164"  were  recrystallized  from  hot  water.  The  recrystallized  acid  melts  at 
170".  It  does  not  depress  the  melting  point  of  6-methylsuccmylanthtanilic  acid.  When  hydrolyzed  in  an  acid 
medium,  methylsuccinylanthranilic  acid  splits  up  into  anthranilic  and  methylsuccinic  acids. 

SUMMARY 

1.  An  alkaloid,  called  "delsimidine"  has  been  found  in  Delphinium  semibarbatum  and 

D.  oreophilum  ID.  rotundifolium). 

2.  When  hydrolyzed  in  alkalies,  delsemidine  splits  up  into  the  ammo  alcohol,  delsin,  and  the  dibasic 
methylsuccinylanthranilic  acid. 

3.  The  possible  identity  between  the  alkaloids  delsemidine,  delartine  and  methyllycaconitine  is 
discussed. 
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•  0.6806  g  substance:  0.2520  g  HjO  (105",  in  vacuum).  Found  ‘7o:  H|0  3.70.  Cj^HgoOiQNj'HCip^-l.^ HjO.  Calculated 
H|0  3.34.  0.2364  g  substance  in  25  ml  solution  60“7o  alcohol;  ^10.0;  otj^  +  0.24",  [a]*Q  +  25.4".  0.1466  g  sub¬ 
stance:  0.0272  g  AgCl.  0.1254  g  substance;  0.0228  g  AgCl.  Found  %:  Cl  4.59,  4.50.  C87H5oOiol^'HC104. 
Calculated  %:  Cl  4.53. 

••SeeConsultants  Bureau  translation,  p.  189. 

•••Seyconsultants  Bureau  translation,  p.  1059. 

•  •  *  •  See  Consultants  Bureau  translation,  p.  1389. 
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INVESTIGATION  OF  THE  ALKALOIDS  OF  TURNEFORCIA  SIBIRICA 


1.  A  NEW  alkaloid;  TURNEFORCINE 
G.  P.  Menshikov,  S.  O.  Denisova,  and  P.  S.  Massagetov 


A  liquid  alkaloid  has  been  isolated  from  the  Transcaucasian  plant,  Turneforcia  sibirica,  a  member  of  the 
borage  family.  The  substance  forms  well-crystallized  salts  (picrate,  hydrochloride  and  chl(»oplatinate).  Isolation 
was  effected  by  the  usual  method  of  dichloroethane  extraction  of  the  pulverized  above-ground  parts  of  the  plant 
after  treatment  with  ammonia  solution.  The  isolated  alkaloid,  which  is  present  in  the  plant  to  the  extent  of  not 
more  than  O.Ol^o,  has  the  composition  CuHijOjN;  its  hydrochloride  melts  at  169-no*  and  has  [alu*— 58.59* 
(water).  Since  the  alkaloid  differs  from  all  previously  described  bases,  we  ixopose  the  new  name  of  "turne- 
forcine*.  •  Like  all  the  alkaloids  which  we  have  isolated  from  plants  of  the  borage  family,  it  is  an  ester. 

Alkaline  hydrolysis  yielded  ai^elic  acid  and  a  saturated  amino  alcohol  of  the  composition  CtHjgOiN  which, 
following  the  proposed  nomenclature,  we  give  the  name  of  ■turneforcidine".  Hydrolytic  splitting  of  turneforcine 
may  therefore  be  represented  by  the  following  equation; 

CuHjjOjN  H,0  =  C,HbO,N  +  CjH^. 

Up  to  now  three  saturated  amino  alcohols  with  the  same  composition  have  been  known;  they  were  obtained  by 
hydrolysis  or  other  chemical  transformations  of  alkaloids  of  plants  of  the  Borraginaceae  and  Gompositae  families, 
and  have  the  names  platynecine  [2\  dihydroxyheliotridane  [3]  and  hastanecine  [4].  A  direct  comparison  esta¬ 
blished  that  turneforcidine  was  not  identical  with  any  of  these.  Consequently,  turneforcine  is  an  ester  of  angelic 
acid  and  the  amino  alcohol,  turneforcidine. 


EXPERIMENTAL 

Isolation  and  purification  of  tumefnrr.lng  6  kg  air-dry,  pulverized  above-ground  parts  of  the  plant  were 
moistened  with  ammonia  solution  until  there  was  a  strong  .odor,  of  ammonia,  and  then  exhaustively  extracted 
with  dichloroethane.  The  alkaloid  was  extracted  from  the  dichloroethane  solution  with  sulfuric  acid  solution. 

Traces  of  dichloroethane  were  removed  from  the  acid  solution  by  extraction  with  ether,  the  ether  solution  was 
separated,  and  the  acid  solution  treated  with  a  large  excess  of  2QP]o  ammonia  prior  to  fresh  extraction  with  ether. 

The  ether  extract  was  dried  with  sodium  sulfate  and  the  ether  distilled  off  to  leave  a  residue  of  uncrystallizable 
oil.  To  this  was  added  a  cold  saturated  solution  of  picric  acid  in  alcohol  until  acid  to  methyl  orange.  A 
crystalline  picrate  came  down  at  once  and  was  drained  at  the  pump,  washed  with  alcohol,  and  recrystallized 
once  from  alcohol,  giving  7.9  g  l^ht-yellow  lustrous  platelets  with  m.p.  199.5-201*.  The  melting  point  did  not 
change  on  further  recryttallization. 

7.415  mg  substance;  0.782  ml  N|  (21*,  732  mm).  7.480  mg  substance;  0.786  ml  Nj  (21*,  732  mm). 

Found  <70;  N  11.80,  11.76.  CuHjiOjN-CjHjOtNj.  Calculated  <70:  N  11.96. 

The  free  base  was  prepared  from  the  picrate  by  treatment  with  10*70  hydrochloric  acid  followed  by  exhaustive 
extraction  of  the  picric  acid  with  ether.  The  colorless  acid  solution  was  treated  with  excess  of  20‘7>  ammonia  solu¬ 
tion.  The  alkaloid  was  extracted  with  ether,  the  ether  extract  dried  with  sodium  sulfate  and  the  ether  completely 
distilled  off.  From  7  g  picrate  was  obtained  3.4  g  of  a  colorless  uncrystallizable  oil. 

Turneforcine  hydrochloride.  The  alkaloid  obtained  via  the  picrate  was  dissolved  in  a  small  amount  of  ab'^ 
solute  alcohol  and  to  the  solution  was  added  an  alcoholic  solution  of  hydrochloric  acid  until  acid  to  Congo.  Dry 
ether  was  then  added.  On  standing  at  0*  the  solution  deposited  crystals  which  were  reprecipitated  with  dry  ether 
from  absolute  alcohol.  After  reprecipitation  the  hydrochloride  formed  colorless  needles  melting  at  169-170*. 

0.3619  g  substance;  5  ml  water;  1^0.5  dm;  ap  —2.12*;  [a]D  —58.59. 

•  Reference  is  made  in  the  literature  to  two  alkaloids  with  the  composition  CuHjOjN,  isolated  from  Senecio 
sylvaticus  and  Senecio  Sarracenicus  [1],  but  unfortunately  they  have  been  so  superficially  investigated  and  so 
briefly  described  that  it  is  impossible  to  decide  whether  or  not  they  are  identical  with  turneforcine. 
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3.958  mg  substance;  8.188  mg  CO^;  2.788  mg  HjO.  3.403  mg  substance:  7.006  mg  COj;  2.406  mg  HjO. 

7.065  mg  substance;  0.334  ml  N2  (24®,  740  mm).  0.2815  g  substance:  10.12  ml  0.1  N  solution  AgN03. 

Found  ojo:  C  56.42,  56.14;  H  7.88,  7.91;  N  5.28;  Cl  12.76,  CijHnOjN  •  HCl.  Calculated  C  56.59; 

H  8.06;  N  5.08;  Cl  12.86. 

Turneforcine  chloroplatinae.  To  an  alcoholic  solution  of  the  alkaloid  acidified  with  hydrochloric  acid 
was  added  10%  platinum  diloride  '.solution.  ..  On  standing  the  solution  deposited  crystals  which  were  re - 
crystallized  from  1%  aqueous  hydrochloric  acid.  Yellow  leaflets,  m.  pt.  154.5-155.5®. 

Saponification  of  turneforcine.  2  g  of  the  alkaloid  was  treated  with  20  ml  of  10%  sodium  hydroxide  solu¬ 
tion  and  refluxed  on  a  boiling  water  bath  until  dissolved  (about  3  hours).  The  cooled  solution  was  treated  with 
20%  hydrochltvic  acid  solution  until  acid  to  Congo  and  then  extracted  with  ether.  The  ether  extract  was  dried 
with  sodium  sulfate  and  the  ether  distilled  off,  using  a  dephlegmator.  A  light-yellow  oil  remained  which  at 
once  crystallized  when  cooled.  After  recrystallization  from  water  it  melted  at  43-44®  and  was  identified  as 
angelic  acid  by  direct  comparison.  The  acidic  solution  from  which  the  angelic  acid  had  been  extracted  was  eva¬ 
porated  and  dried  in  vacuum.  The  dry  residue  was  extracted  with  absolute  alcohol.  The  alcoholic  solution  was 
filtered  and  inspissated  in  vacuum  to  a  volume  of  5-6  ml.  Addition  to  this  concentrate  of  sufficient  ether  to 
cause  turbidity  resulted  in  deposition  of  crystals  (1.2  g)  which  after  reprecipitation  from  absolute  alcohol  with  dry 
ether  had  the  form  of  thin  colorless  needles  with  m.  pt  116®. 

5.208  mg  substance:  3.919  mg  AgCl.  6.374  mg  substance:  4.768  mg  AgCl.  Found  %:  €118.62,18.51. 

C,HaCliN-HCl.  Calculated  %:  Cl  18.32. 

The  free  base  was  obtained  from  this  hydrochloride  by  dissolving  in  a  little  water,  adding  a  slight  excess 
of  dry  sodium  carbonate  to  the  solution,  and  completely  distilling  off  the  water  in  vacuum.  The  residue  was  dried 
by  distilling  off  absolute  alcohol  from  it  in  a  vacuum.  The  dry  residue  was  digested  with  dry  acetone  and  the  hot 
acetone  solution  was  filtered.  Crystals  came  down  on  cooling.  These  were  recrystallized  twice  from  50  times  the 
amount  of  acetone.  The  base  formed  snow-white  needles  with  m.  pt.  118.5-120*.  A  mixture  with  hastanecine  (m. 
pt.  113-114®)  melted  at  about' 85-90®. 

0.0528  g  substance:  0.791  ml  methyl  alcohol;  1  0.5  dm;  aj)-0.35®;  [a]D“10-5*. 

5.059  mg  substance;  11.264  mg  CO|;  4.225  mg  H|0.  3.564  mg  substance;  7.978  mg  CO^;  3.040  mg  HfO. 

6.795  mg  substance;  0.549  ml  N|  (20®,  730  mm).  6.570  mg  substance:  0.534  ml  Nj  (20®,  730  mm). 

Found  %:  C  60.72,  61.05;  H  9.34,  9.54;  N  9.04,  9.07.  C,HbO,N.  Calculated  %;  C  61.09;  H  9.61;  N  8.92. 

The  base  is  saturated  in  character;  it  does  not  deoxidize  potassium  permanganate  in  10%  sulfuric  acid 
solution. 

SUMMARY 

1.  Isolation  was  effected  from  Turneforcia  slbirica  (Borraginaceae  family)  of  a  new,  optically  active  alkaloid 

with  the  composition  CuHi^O^N,  named  "turneforcine".  It  was  characterized  in  the  form  of  salts  with  the  following 
constants:  Hydrochloride -m.  pt.  169-170®,  [a]|3-58.59®;  picrate-m.  pt.  199.5-201®;  chloroplatinate - m.  pt. 

154.5-155.5®. 

2.  Alkaline  hydrolysis  of  turneforcine  gave  angelic  acid  and  a  new,  hitherto  undescribed,  saturated  amino 
alcohol  with  the  composition  C|H]50|N,  named  "turneforcidine". 
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INVESTIGATIONS  ON  ISOQUINOLINE  COMPOUNDS 
V.  SYNTHESIS  OF  THE  NATURAL  ALKALOID,  EMETINE* 

R.  P.  Evstigneeva,  R,  S.  Livshits*,*  M,  S,  Bainova, 
L.  I.  Zakharkin  and  N.  A.  Preobrazhensky' 


The  alkaloid  emetine,  like  morphine,  strychnine  and  curarine,  is  one  of  those  very  important  natural  com¬ 
pounds  whose  structure  had  not  hitherto  been  confirmed  by  synthesis.  It  was  first  prepared  in  1817  [1]  and  in  1879 
it  was  isolated  by  Podvysotsky.  [2]  in  the  pure  form.  As  a  result  of  the  studies  of  various  transform aions  of  the  alka¬ 
loid  performed  by  numerous  authors  over  a  period  of  over  100  years  [3],  it  was  established  that  the  emetine  molecule 
contains  two  tetrahydroisoquinoline  nuclei  linked  by  a  group  of  seven  carbon  atoms  [4]  (I); 


Further  elucidation  of  the  structure  of  emetine  proved  to  be  extremely  difficult  and  the  following  structures 
were  advanced  by  various  authors  and  then  rejected: 


Although  the  above  formulas  are  consistent  with  a  series  of  chemical  reactions  of  emetine,  not  one  of  them 
fully  reflects  the  properties  of  the  alkaloid. 


In  the  years  1948-1950  a  very  large  number  of  papers  were  published  which  aimed  at  clarifying  the  structure 
of  the  central  portion  of  the  emetine  molecule  [8].  In  the  course  of  these  investigations  a  systematic  study  was  made 

•  We  described  the  synthesis  of  emetine  for  the  first  time  in  .Pipa.  ^  Acad.  Sci.  U.S  S.R.,  75,  539  (150).  In  this 
paper  we  ixesent  the  main  experimental  data  of  the  investigations. 

•’Deceased. 


1511  . 


(IX) 


On  the  basis  of  our  synthetic  studies  in  the  field  of  isoquinoline  compounds  possessing  structures  close  to  those 
proposed  for  emetine  [9],  we  arrived  at  the  conclusion  that  the  most  ixobable  one  was  formula  (DC).  Robinson  [10] 
also  reached  this  conclusion  on  the  basis  of  his  concepts  of  the  structural<genetic  relationship  of  the  alkaloids  of  the 
isoquinoline  group.  However,  the  problem  of  the  structure  of  emetine  could  not  be  considered  to  be  conclusively 
solved  in  the  absence  of  a  synthesis.  This  synthesis  has  now  been  effected  and  in  this  paper  we  describe  our  synthesis  of 
emetine. 


We  had  studied  several  routes  to  emetine  which  are  characterized  by  the  general  scheme  set  out  above. 


At  the  basis  of  our  emetine  synthesis  lay  the  idea  of  utilizing  a  starting  substance  in  whose  structure  would 
previously  predominate  the  whole  of  the  central  part  of  the  emetine  molecule,  i.e.,  that  part  most  in  need  of  ex¬ 
perimental  demonstration.  The  structure  of  this  starting  material  corresiwnds  to  the  general  formula  (X).  The 
presence  in  the  hydrocarbon  chain  of  compound  (X)  of  the  requisite  and  approi^iately  arranged  active  groups -(CCX)H,-CN, 
-CH(OR){,  -CI^Br,  enables  to  be  built  up,  by  condensation  with  homoveratrylamine,  the  stmcture  of  the  quinolizine 
and  isoquinoline  systems  entering  into  the  stmcture  of  emetine. 

For  utilization  as  starting  materials  for  the  central  portion  of  the  emetine  molecule  we  synthesized  the 
following  compounds:  a)  the  ethyl  ester  of  B-(a*?.TJioin»metho)-propylglutaric  acid  (X)  (Z  =-CI%Br);  b)  y-ethy^H 
6-valerolactone-6-acetic  acid;  c)  the  anhydride  of  0-(  a'-diethylacetal)*propylglutaric  acid  (X)  (where  Z  =-C — OH  ) 


and  d)  the  ester  of  6-(  a*-cyano)^opylglutaric  acid  (X)  (where  Z  =-CN). 


OH 


In  this  paper  we  present  the  synthesis  of  emetine  starting  from  the  ester  of  0-(  a*-cyano)^»opylglutaric  acid 
(X),  (where  Z  =  -CN),  obtained  by  the  follovdng  route: 

OH 


HOOC -C -<j: -CHjCOOH  ■ 


COOH 


ROOC-CH,-CO-CH^-COOR— >  ROOC-CH-CH-CHj-COOR 

OH 


(XV) 


(XVI) 


ROOC-CI^-CH-CH-COOR  — >  ROOC-CI^  -CH==CH-COOR  — > 
OCOCHj  (XVII)  (XVUI) 


ROOC-CH,-CH-CHj-COOR  — ► 
NC  -  CH-COOR  (XIX) 


ROOC -CH,-CH-CHj-COOR 

C,H5-C-C00R  — 

I 

CN  (XX) 


ROOC-CH-j:H-CHj-COOR 
CjHs-CH-CN  (XXI) 


The  ester  of  acetone  dicarboxylic  acid 
(XV)  [11]  was  reduced  [12]  in  presence  of 
nickel  catalyst  to  the  ester  of  B-hydroxy- 
glutaric  acid  (XVI).  Cleavage  of  a  mole¬ 
cule  of  water  and  formation  of  the  ester  of 
glutaconic  acid  (XVIII)  were  effected  both  by  boiling  0-hydroxyglutaric  acid  in  benzene  and  by  conversion  into  the 
0-acetoxy  derivative  (XVII)  followed  by  cleavage  of  a  molecule  of  acetic  acid  [13].  By  condensation  with  ethyl- 
cyanoacetate  (XIX)  [14]  and  ethyl  iodide  in  ixesence  of  sodium  alcoholate  there  is  obtained  the  ester  of  0*(  a’- 
cyano-a*-carbethoxy)  isopylglutaric  acid  (XX).  After  saponfication  with  the  calculated  amount  of  sodium  alcoholate 
and  water  followed  by  acidification  and  decarboxylation,  there  is  obtained  the  ester  of  0-(a*-cyano)-i)ropylglutaric 
acid  (XXI). 


Reductive  condensation  in  presence  of  nickel  or  platinum  catalyst  of  the  ester  of  0-(a*-cyano)  ixopylglut- 
aric  acid  and  an  excess  of  homoveratrylamine  (route  A)  leads  to  addition  of  the  latter  to  the  nitrile  group  and  loss 
of  ammonia  [15].  At  the  same  time  the  resultant  secondary  amino  group  enters  into  reaction  with  one  of  the  carb' 
alko:9^’  groups  with  formation  of  an  amide  bond  and  closure  of  the  piperidone  ring. 
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HjCO 

HjCO 


I 

NH, 

N 


Rocx: 
I 


2Ht  Ni(Al) 
-NHj 


CHj  CH-C,H5 
“:h-ch,-coor 


HjCOr 

H5C01 


Lh 


ROOC 

cI:h, 


CH* 

CH-CIH5 


CH-CH,-COOR 


(X) 


(xni)  — >  (XI) 


After  removal  of  catalyst  and  ethyl  alcohol,  the  obtained  piperidone  derivative  (XIII)  and  excess  homoveratryl- 
amine  are  converted  by  heating  at  180-200*  into  4"-dimethoxyphenyl)  ethylamide-N-[6*-(3*,  4*-dimethoxy- 

phenyl)]  ethyl-  6-ethyl-a-piperidone-  y -acetic  acid  (XI)  which  comprises  a  mixture  of  two  stereoisomers:  the  A- 
isomer  soluble  in  toluene,  and  the  B-isomer  insoluble  in  toluene. 


In  this  case  stereoisomerization  similar  to  that  in  the  quinic  alkaloids  [16]  has  taken  place,  i.e.,  the  presence 
of  A-  and  B-isomers  in  compounds  (Xni),  (XI)  and  (XII)  is  the  consequence  of  c  is -trans-isomerism  at  the  y-  and  6- 
carbon  atoms;  , 


(Xm),  (XI),  (XII) 


COOR 


V" - 

Meroquinene  and  the  corresponding  quinine  alkaloids 


The  prepared  diamides  (XI)  are  individually  subjected  to  cyclization  with  phosphorus  oxychloride  to  form 
the  benzquinolizine-isoquinoline  derivative  (XII).  The  resultant  hydrochlorides  of  the  chloride  of  4*,  5'-dimethoxy- 
6-€thyl-7-(l"^Tietiiyl-6*',  7*-dimethoxy-3'*,  4*-dihydroisoquinolyl)-3,4,5,6,7,8-hexahydro-9,10-dehydro-(l,2;l*,  2')- 
benzquinolizine  (XII)  is  further  hydrogenated  in  presence  of  platinum  or  nickel  catalyst,  and  after  appropriate 
working-up  there  is  obtained  4*,  5*-dimethoxy-6-ethyl-7-^l'Snidthyl-6"’,7"-diriiethoxy'l",2’*,3",.4'!^^etrahy(irQi8dijdJnolyl)- 
3,4,5.6.7,8-hexahydro-(l, 2:1',  2')-benzquinolizine  (IX) -emetine  bases. 


We  also  effected  a  synthesis  of  emetine  from  the  ester  of  N-[6-(3,4-dimethoxypheiiyl)-ethyl)-6-ethyl-a- 
piperidone-  y -acetic  acid  (XIII),  an  intermediate  compound  of  the  product  of  condensation  of  the  nitrile  (X) 

(Z  =  — CN)  with  one  molecule  of  homoveratrylamine  (route  B). 

The  prepared  compounds  (IX),  whose  structure  was  predetermined  by  the  very  mode  of  their  synthesis,  were 
proved  to  possess  the  structure  of  natural  emetine  on  the  basis  of  the  following  facts: 


1.  The  synthetic  emetines  give  all  the  color  reactions  characteristic  of  this  alkaloid;  a  red  color  with  the 
sodium  salt  of  diazobenzene  sulfonic  acid;  a  green  color  with  Vjo  solution  of  ammonium  molybdate  in  sulfuric 
acid  in  presence  of  traces  of  hydrochloric  acid  (Frohde  reagent);  a  yellowish-green  color  with  sulfomolybdic  acid. 


2.  The  absorption  curve  of  the  prepared  hydrochloride  of  d,l. -emetine  (m.  pt.  145-146*)  coincides  with  the 
absorption  curve  of  natural  emetine  hydrochloride  (Fig.  1). 

3.  Oxidation  of  the  prepared  bases  with  iodine  gave  one  and  the  same  substance  which  was  completely 
identical  with  the  rubremetine,  formed  by  oxidation  of  natural  emetine  (Fig.  2).  The  rubremetine  formed  by  the 
action  of  mild  oxidizing  agents  (iron  chloride  [17],  bromine  [18],  iodine  [19],  and  mercuric  acetate  [20])  on  the 
natural  alkaloid,  does  not  differ  from  the  rubremetine  prepared  synthetically. 


In  view  of  the  presence  in  the  structural  formula  of  emetine  of  four  asymmetric  carbon  atoms  (C«,  C7,  Ce. . 
^)  we  may  assume  that  the  solid  and  liquid  emetines  isolated  by  us  comprise  a  mixture  of  isomers  due  to  the  asym¬ 
metry  at  the  atom  in  the  isoquinoline  nucleus  and  at  the  atom  in  the  quinolizine  nucleus.  For  the  separation 
of  the  individual  isomers  we  converted  the  obtained  bases  into  various  salts.  From  the  solid  isomer  (m.  pt.  60-63*) 
we  succeeded  in  preparing  the  crystalline  camphor- 6 -sulfonate,  horn  which  was  isolated  the  base  with  m.  pt.  71.5- 
72.5*.  The  d  Hartarate  of  the  latter  (m.  pt.  159-161.5*),  also  the  base  separated  therefrom  (m.  pt.  71.5-72.5*),  are 
completely  Identical  with,  respectively,  the  d-tartrate  and  the  1-emetine  of  the  natural  product. 
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EXPERIMENTAL 


1.  Ethyl  ester  of  acetone  dicarboxylic  acid  (XV)  is  i»epared  by  the  usual  method,  e.g.  from  citric  acid  which 
is  treated  with  concentrated  sulfuric  acid  containing  20<^  sulfur  trioxide  followed  by  esterification  of  the  resultant 
acetone  dicarboxylic  acid  (92*^  yield)  with  ethyl  alcohol  in  presence  of  hydrogen  chloride.  B.  pt.  118-120*  (2  mm), 
125-127*  (5  mm).  Yield  45*^  of  theory  based  on  the  citric  acid 

The  methyl  ester  of  acetone  dicarboxylic  acid  has  b.  pt.  131-135*  at  10  mm.  Yield  46^  of  theory. 

2.  Ethyl  ester  of  0-hydroxyglutaric  acid  (XVI).  62  g  ethyl  acetone  dicarboxylate  in  20  ml  absolute  alcohol 
is  hydrogenated  in  presence  of  2  g  skeletal  nickel  catalyst  at  an  initial  hydrogen  iwessure  of  130  atm  and  at  a  tem¬ 
perature  of  150*  for  4  hours.  After  cooling,  the  catalyst  is  filtered  off,  the  alcohol  distilled  off  in  vacuum,  and  the 
residue  distilled.  B.  pt.  128-130*  (5  mm).  Yield  57.8  g  or  92.5^o  cf  theory. 

Methyl  ester  of  0  -hydroxyglutaric  acid  has  b.  pt.  138-139*  at  8  mm.  Yield  85*^5)  of  theory. 

3.  Ethyl  ester  of  B-acetoxygiutaric  acid  (XVII).  57.8  g  (1  mole)  ethyl  B -hydroxy glutarate  and  37  g  (1.3 
moles)  freslily  distilled  acetic  anhydride  are  heated  for  one  hour  with  gentle  boiling.  The  excess  of  acetic  an¬ 
hydride  and  acetic  acid  are  distilled  off  in  vacuum,  and  the  residue  is  distilled.  B.  pt.  138-140*  at  4  mm.  Yield 
67.2  g  or  96. 3^0  of  theory. 

Methyl  ester  of  B^cetoxyglataric  acid  has  b.  pt.  134-135*  at  5  mm.  Yield  95<55)  of  theory. 

4.  Ethyl  ester  of  glutaconic  acid  (XVIII).  30  g(l  mole)  ethyl  B-acetoxyglutarate  is  heated  with  0.1  g 
(0.0084  mole)  fused  potassium  acetate  until  the  acetic  acid  is  distilled  off,  care  being  taken  that  the  temperature 
of  the  vapor  does  not  exceed  135*.  At  the  end  of  the  distillation  potassium  acetate  comes  down  and  the  heating 
is  then  stopped.  The  cooled  reaction  mass  is  treated  with  absolute  ether  for  complete  removal  of  the  substance 
from  the  potassium  acetate.  The  ether  is  distilled  off  and  the  residue  redistilled  in  vacuum.  B.  pt.  103-105*  at 

3  mm,  127-129*  at  14  mm.  Yield  16.9  g  or  74.5<7o  of  theory.  Dilution  of  the  distilled  acetic  acid  with  water 
yields  a  further  1-1.5  g  of  glutaconic  ester. 

The  methyl  ester  of  glutaconic  acid  has  b.  pt.  94-95*  at  2  mm.  Yield  .  71. 5<5b. 

5.  Ethyl  ester  of  B-(a*-cyano-a*-carbethoxy)-methylglutaric  acid  (XIX).  A  mixture  of  63  g  (1  mole)  freshly 
distilled  ethyl  glutarate,  88  g  (2.3  moles)  ethylcyanoacetate,  63  ml  absolute  ethyl  alcohol  and  20  drops  sodium 
ethylate  solution  (the  latter  prepared  from  3.6  g  metallic  sodium  and  40  ml  absolute  alcohol)  is  kept  at  a  gentle 
boil  for  12  hours.  Maintenance  of  the  necessary  alkaline  reaction  of  the  solution  is  ensured  by  the  addition  every 
two  hours  of  20  drops  of  sodium  ethylate.  After  cooling,  the  alcohol  is  distilled  off  in  vacuum  and  to  the  water  is 
added  15  ml  water.  The  separated  oil  is  collected,  the  aqueous  layer  extracted  with  ether  (benzene),  the  ether¬ 
eal  extract  combined  with  the  oil  and  the  whole  dried  with  ignited  sodium  sulfate.  After  removal  of  the  solvent 
the  residue  is  distilled  in  vacuum,  B.  pt.  167-169*  at  3  mm.  Yield  85  g  or  84<^fc  of  theory. 

The  methyl  ester  of  B-(a*-cyano-a*-carbomethoxy)-TOethylglutaric  acid  has  b.  pt.  157-159®  at  2  mm, 
189-192*  at  10  mm.  Yield  74.5*70  of  theory. 

6.  Ethyl  ester  of  6-(a*-cyanotx*-carbethoxy)-propyigiutaric  acid  (XX).  To  a  solution  of  sodiiun  ethylate 
prepared  from  7.4  g  (1.2  moles)  metallic  sodium  and  148  ml  absolute  alcohol  is  added  a  mixture  of  83  g  (1  mole) 
ethyl  ester  of  B*(a'-cyano-a*-carbethoxy)-methylglutaric  acid  and  92  g  (2  moles)  ethyl  iodide.  The  reaction  mass 
is  kept  at  the  boil  until  the  reaction  is  neutral,  which  usually  requites  3  hours.  On  cooling,  the  alcohol  is  distilled 
off  in  vacuum  and  to  the  residue  is  added  20  ml  of  water.  The  separated  oil  is  removed,  the  aqueous  layer  is  ex¬ 
tracted  with  benzene.  After  the  usual  working  up  of  the  benzene  extract  (combined  with  the  oil  layer)  and  dis¬ 
tillation  of  the  solvent,  the  residue  is  distilled  in  vacuum.  B.  pt.  169-171*  at  3  mm.  Yield  82  g  or  88.3*5^  of  theory. 

d|S  1.0947;  1.4521;  MI^  80.70;  calculated  80.85. 

3.035  mg  substance:  6.545  mg  CO*;  2.080  mg  HjO;  5.945  mg  substance:  0.245  ml  Nj  (24*,  731  mm). 

Found  <%:  C  58.81,  H  7.66;  N  4.5.  Cisl%0,N.  Calculated  C  58.68;  H  7.70;  N  4.27 

The  methyl  ester  of  B-(a*-cyano-a*-carbethoxy)-iyopylglutaric  acid  is  prepared  similarly,  by  condensation 
of  methyl  glutaconate  with  methyl  ethylcyanoacetate.  The  yield  was  lower.  B.  pt.  150-152“  at  1  mm. 

dJJ  1.825;  ng  1.4597;  MRjj  65.97.  Calculated:  M%)  65.75. 
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7.  Ethyl  ester  of  6-(  a*-cyano)-i)ropylg!utarlc  acid  (X,  Z  =  — CN).  To  a  solution  of  sodium  alcoholate  pre¬ 
pared  from  1.81  g  (1  mole)  meta??ic  sodium  and  40  ml  absolute  ethyl  alcohol  is  added  25.8  g  (1  mole)  ethyl  ester 
of  B‘(a*-cyano-a'-carbethoxy)-propylglutaric  acid  (XX).  The  reaction  mass  tarns  yellow  and  thickens.  Addition 
is  then  made  of  1  42  g  (1  mole)  water  and  the  mass  left  for  12  hours  and  then  heated  for  an  hour  at  the  boil.  The 
excess  of  alcohol  is  distilled  off  in  vacuum  and  the  residue  dissolved  in  15  ml  of  water.  The  solution  is  extracted 
with  ether  to  remove  the  unsaponified  tricarboxylic  ester  and  then  cooled  before  acidifying  with  hydrochloric  acid. 
An  oil  separates  and  is  carefully  extracted  with  ether.  After  removing  the  ether  from  the  dried  extract,  the  residue 
is  heated  in  a  vacuum  (15  mm)  at  170-180®  for  one  hour.  The  residue  is  cooled  and  dissolved  in  ether,  and  the  sol¬ 
ution  well  washed  with  sodium  bicarbonate  solution.  After  drying  with  magnesium  suifate,  the  ether  is  distilled  off 
and  me  residue  distilled  in  vacuum  3  pt.  139  -140''  at  2.5  mm,.  Yield  6  g  or  30  °]o  of  theory. 

d||  1.0535;  n*o  1.4519;  MRq  65.32;  calculated  65.35. 

3.320  mg  substance:  7.430  mg  COj;  2.460  mg  HgO.  3.170  mg  substance:  7.130  mg  COj;  2.310  mg  HjO. 

5.110  mg  substance:  0.254  m.i  Nj  (23®,  719  mm).  5.480  mg  substance:  0.263  ml  Nj  (22*,  728  mm). 

Found  C  61.03,  61.34;  H  8.29,  8.15;  N  5.45.  6.31.  Calculated  <7o:  C  61.14;  H  8.29;  N  5.48. 


8.  0*-(3*,  4*T)imett^xyphenyI)-ethylamide-N  [fl*-i3*,4°-dimethoxyphenyl)]“ethyl-5-ethyl-a-piperidone- 
y -acetic  acid  —  diamide  (Xi).  A  miixtare  of  5.2  g  (1  mole)  ethyl  ester  of  6-(  a’-cyano)- propylglutaric  acid,  24  g 
(6.5  moles)  homoveratryiamine,  8  g  skeletal  nickel  catalyst  ana  15  ml  absolute  ethyl  alcohol  is  heated  in  an  auto¬ 
clave  at  110-115*  and  an  initial  hydrogen  pressure  of  130  latms  for  two  hours.  After  cooling,  the  catalyst  is  filtered 
off.  The  alcohol  is  distiiJ.ed  off  in  vacuum.,  and  the  residue  heated  on  an  oil  bath  at  180-200®  for  three  hours.  The 
cooled  reaction  mass  is  rapidly  and  thoroughly  washed  with  excess  (200-300  ml)  absolute  ether  in  order  to  remove 
homoveratryiamine.  The  residue  after  removing  the  ether  solution  is  a  yellow,  viscous  oil  soluble  in  alcohol  and 
chloroform,  insoluble  In  water,  ether  and  benzene.  !t  is  a  mixture  of  steieoisomeric  diamides.  Yield  9.0  g  or  86^o 
of  theory. 

7.450  mg  substance:  0.358  ml  (24*,  735  mm).  Found  °}o'.  N  5.34.  Calculated  N  5.59. 

The  obtained  m.ixture  was  resolved  with  the  help  of  absolute  toluene  into  two  fractions:  3.2  g  of  isomer 
A,  soluble  in  toluene,  and  5.8  g  of  isom.e.T  B,  insoluble  in  toluene.  Further  transformations  were  performed  sep¬ 
arately  with  each  isomer. 

9.  Hydrochloride  of  4*.  5*-dimethoxy-6-ethyl-7-(l'*^ethyl-6'*,  7*-<llmethoxy-3",  4*-dihydrolsoquinolyl)-3, 

4,  5,  6,  7,  8-hexahydr0  '9,  10-dehyd?.o-(l,2:l*.2*)-ben2quinoljzine  chloride  (XII). 

a)  A  mixture  of  3.2  g  isomer  A  of  6*-(3",  4'*-dimethoxyphenyl)-ethylamide-N-(6''(S', '4'i<limethoxyphenyl' 
ethyl)“6-  ethyl -a-piperidone- y  -acetic  acid,  dissolved  in  40  ml  absolute  toluene,  and  25  ml  freshly  distilled  phos¬ 
phorus  oxychloride  is  heated  for  an* hour  at  a  gentle  boil.  The  toluene  and  excess  phosphorus  oxychlc^ide  are  dis¬ 
tilled  off  in  vacuum.  The  residue  is  washed  several  times  with  absolute  alcohol  and  then  dissolved  in  8  ml  of  6 
hydrochloric  acid.  Tne  solution  is  evaporated  in  vacuum  to  give  3.5  g  of  red -brown  oil  readily  soluble  In  water, 
alcohol  and  chloroform  ,  Insoluble  in  ether  and  benzene. 


b)  A  mixture  of  5.8  g  of  isomer  B  of  6 "-(3",  4"*<iimet'hoxyphenyl)-ethylamide"N-{0'-(3*,  4'*<llmethoxy- 
phenyl)-«thyl]-  6 -ethyl -«-plperidone  *y  acetic  acid,  suspended  in  40  ml  toluene,  and  4.5  ml  freshly  distilled  phos¬ 
phorus  oxychloride  is  heated  for  an  hour  at  a  gentle  boil.  Further  treatment  was  as  for  isomer  A.  There  was  obtained 
6.2  g  red-brown  oil  The  latter  was  characterized  by  preparation  of  the  corresponding  hydroiodide  of  4',  5*-dimethoxy 
6-cthyl-7-(l'*-methyl-6*,  7"-dimethoxy-3",  4"-dlhydroisoquinolyl)-3,4,5,6,7,8-hexahydro-9,10-dchydro-(l’,2*:l,2)- 
benzquinolizine  iodide.  To  the  aqueous  solution  of  hydrochloride  of  the  chloride  (XII)  Is  added  an  aqueous  solution 
of  sod.ium  iodide  until  precipitation  is  complete.  The  iodide  is  extracted  with  chloroform  and  the  extract  dried 
with  ignited  magnesium  sulfate.  Distillation  of  the  solvent  leaves  a  yellow  residue.  The  iodide  is  purified  by 
dissolving  in  alcohol  and  isecipitating  with  ether.  The  compound  is  slightly  hygroscopic.  After  drying  in  a  vacuum 
desiccator  the  m.  pt.  is  257-258*.  Readily  soluble  In  alcohol  and  chloroform,  sparingly  soluble  In  water,  insoluble 
in  ether  and  benzene. 


3.150  mg  substance:  5.510  mg  CO|;  1.620  mg  H|0.  3.255  mg  substance:  5.710  mg  CO|;  1.660  mg  1^0. 
8.380  mg  substance;  0.314  ml  N,  (24*.  723.3  mm).  Found  C  47.71,  47.84;  H  5.75,  5.71;  N  4.09. 
Calculated  C  47.52;  H  5.23;  N  3.82, 

10.  4*.  5*-Dimethoxy-6-ethyl-7-(l*-methyl-6*,7**dlmethoxy-l*,  2*,  3",  4*‘tetrahydroisoqulnolyl)“3,4,5, 
6’,  7,  8.-hexahydro  1,2:1*,  2 '-benzqulnollzine -emetine  bases  (DC). 
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a)  3.5  g  of  hydrochloride  of  the  chloride  (XU),  prepared 
from  the  A  isomer  (XI),  is  treated  in  10  ml  absolute  alcohol 
with  alcoholic  ammonia  solution.  The  resultant  precipitate 
is  filtered,  and  the  alcoholic  filtrate  is  charged  into  an  auto¬ 
clave  where  it  is  hydrogenated  in  presence  of  8  g  skeletal 
nickel  catalyst  at  70-80*  and  an  initial  hydrogen  pressure  of 
130  atm.  for  two  hours.  After  cooling,  the  catalyst  is  re¬ 
moved,  the  alcohol  distilled  off  in  vacuum  and  the  residue 
dissolved  in  8  ml  water.  The  aqueous  solution  is  treated 
with  ammonia  while  being  cooled,  and  the  separated  oil 
is  extracted  with  ether.  The  extract  is  washed  with  5^ 
alkali  solution  and  dried  with  potassium  carbonate.  After 
removing  the  ether,  a  light -yellow  oil  remains.  Yield  1.7  g 
or  55.57o  of  theory. 

6.060  mg  substance:  0.323  ml  Nj  (22*,  741  mm). 

Found  <7o:  N  6.01.  Ct*H40O4l^.  Calculated 
N  5.89. 

b)  In  a  similar  maimer,  6.2  g  of  the  hydrochloride 
of  the  chloride  (XII),  prepared  from  isomer  B  (XI),  is  con¬ 
verted  (after  distilling  off  the  ether)  into  a  yellow,  amor¬ 
phous  substance  with  m.  pt.  60-63*.  Yield  1.0  g  or  18.455) 
of  theory. 

When  using  platinum  catalyst  this  process  proceeds 
in  the  following  manner:  4  g  hy  rochloride  of  chloride 
(XII),  prepared  from  isomer  B  (XI),  in  15  ml  alcohol  is 
hydrogenated  in  presence  of  0.4  g  platinum  oxide  at  1.5-2 
atm.  After  0.5  mole  hydrogen  has  been  taken  up,  which 
requires  30  minutes,  the  hydrogenation  comes  to  a  stop. 

The  inactivated  catalyst  is  filtered  off,  0.2  g  fresh  platinum 
oxide  is  added,  and  hydrogenation  is  resumed  at  130  atm., 

1.5  moles  hydrogen  being  then  absorbed  in  10-15  minutes. 

The  solution,  dark -red  in  color  prior  to  hydrogenation,  is 
light-yellow.  Further  treatment  is  as  above.  There  is  ob¬ 
tained  a  white,  amorphous  substance  which  turned  yellow  in  the  light.  Yield  1.4  g  or  40*55)  of  theory. 

5.235  mg  substance:  0.284  ml  N|  (25*,  740  mm).  Found  N  6.04.  C29H4|04h%.  Calculated  °}o'.  N  5.89. 

11.  Emetine  hydrochloride,  a)  It  was  not  possible  to  isolate  the  crystalline  hydrochloride  of  the  emetine 
prepared  from  isomer  A  (XI). 

b)  The  ethereal  solution  of  the  emetine  base  prepared  from  isomer  B  (XI),  was  saturated  with  an  ethereal 
solution  of  hydrogen  chloride  to  give  a  white  powder  with  m.  pt.  145-146*  (beings  to  change  at  100-102*).  The 
substance  Is  readily  soluble  in  water  and  alcohol,  insoluble  in  ether  and  benzene;  it  is  hygroscopic.  Prior  to  each 
analysis  the  preparation  was  dried  in  vacuum  at  110*  for  l|-  hours. 

3.110  mg  substance:  7.205  mg  CO|;  2.140  mg  H|0.  4.845  mg  substance:  0.225  ml  (22*,  735  mm). 

5.320  mg  substance:  2.695  mg  AgCl.  Found  <55»:  C  63.18;  H  7.70;  N  5.2;  Cl  12.55. 

C,,H4^4N,*2HC1.  Calculated  %  C  62.89;  H  7.48;  N  5.06;  Cl  12.83. 

The  absorption  spectrum  of  the  hydrochloride  of  synthetic  emetine  is  identical  with  that  of  die  hydrochlaide 
of  natural  emetine  (Fig.  1). 

12.  Rubremetine  iodide,  a)  Oxidation  of  the  synthetic  emetine  base  obtained  from  isomer  A  diamide  (XI). 
0.5  g  base,  20  ml  ethyl  alcohol  and  1  g  iodine  are  heated  for  3  hours  on  the  water  bath  and  for  45  minutes  on  the  oil 
bath  at  140-146*.  The  reaction  mass,  after  cooling,  is  poured  into  sodium  becarbonate  solution.  A  brown  precipitate 
is  formed.  This  is  drained,  washed  with  water  and  recrystallized  from  a  mixture  of  acetone  and  water.  Ki.p. 
178.5-18r.  Yield  0.08  g  or  12.8“^  of  theory. 


Fig.  1. 

1  -^Bydrochloride  of  natural  emetine; 

2  —  hydrochloride  of  synthetic  emetine. 
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3.150  mg  substance:  6.685  mg  CO^;  1.600  mg  HjO.  6.060  mg  substance;  0.240  ml  N,  (23*.  752  mm). 
Found  <7o:  C  57.88;  H  5.68;  N  4.52.  C29Hjs04b^I.  Calculated  <7o;  C  58.0;  H  5.54;  N  4.65. 

b)  Oxidation  of  synthetic  emetine  base  prepared  from  the  diamide  of  isomer  B  (XI).  0.5  g  emetine 
base,  20  ml  ethyl  alcohol  and  1  g  iodine  are  heated  under  reflux  condenser  for  ^  hours.  The  reaction  mass 
is  treated  as  in  a).  Rubremetine  iodide  separates  in  the  form  of  orange-red  crystals.  M.  pt.  178-181*.  Yield 
0.12  g,  19.2*!^  of  theory. 


3.185  mg  substance;  6.765  mg  COj;  1.555  mg  HjO.  6.335  mg  substance;  0.264  ml  Nj  (25*.  752  mm). 
Found  C  57.93;  H  5.46;  N  4.72.  C,,H3,04l^I.  Calculated  °]o:  C  58.0;  H  5.54;  N  4.65. 

c)  Oxidation  of  natural  emetine  base.  Heating  of  a  mixture  of  0.5  g  natural  1^-emetine  with  1  g  of  iodine 
in  alcoholic  solution  under  the  conditions  described  for  conversion  of  the  synthetic  emetines  into  rubremetine 
iodide  gives  0.15  g  rubremetine  iodide  (24f^t>  of  theory). 


The  prepared  rubremetine  iodide  melts  at  177-179*.  The  mixed  samples  of  rubremetine  iodide  prepared 
from  natural  emetine  with  the  rubremetine  iodides  prepared  from  synthetic  emetines  did  not  exhibit  a  depression. 
The  absorption  spectra  of  the  prepared  rubremetine 
iodides  coincide  completely  (Fig.  2). 

13.  Camphor- 6 -sulfonate  of  natural  1- 


emetine.  0.177  g  (1  mole)  natural  1 -emetine  base 
is  dissolved  in  absolute  alcohol  and  addition  is 
made  of  0.170  g  (2  moles)  of  ^-camphor -0- 
.  sulfonic  acid  and  a  few  drops  of  absolute  ether.  A 
precipitate  comes  down  on  standing  and  is  filtered 
off  and  washed  with  absolute  alcohol  and  ether. 
There  is  obtained  0.1723  g  camphor-0 -sulfonate 
of  1^-emetine  with  m.  pt.  210-213*.  After  recrystal¬ 
lization  from  absolute  alcohol  the  yield  is  0.0943  g 
or  21.1%  of  theory.  M.  pt.  222-223*. 

3.150  mg  substance;  7.210  mg  CO*;  2.075 
mg  1^0.  3.050  mg  substance;  6.950  mg  CO^; 

2.085  mg  H|0.  5.565  mg  substance;  0.147  ml  Nj 
(24*,  746  mm).  5.295  mg  substance;  0.150  ml  Nj 
(23*,  743  mm).  Found  <7o;C  62.42,  62.14;  H7.37, 
7.65;  N  2.98,  3.19.  Ci9H4o04N,.- 2Q0H16O4S.  Cal¬ 
culated  %:  C  62.25;  H  7.68;  N  2.96. 


Fig.  2. 

1  -Rubremetine  iodide  prepared  from  natural  emetine; 

2  —  rebremetine  iodide  prepared  from  synthetic  emetine. 


14.  Camphor-0 -sulfonate  of  synthetic 
emetine,  a)  1.033  g  (1  mole)  emetine  base  with 

m.  pt.  60-63*,  prepared  from  B -isomer  diamide  (XI),  is  dissolved  in  5  ml  absolute  alcohol  and  addition  is  made 
of  0.996  g  (2  moles)  d,^-cam  phot-0 -sulfonic  acid.  On  introducing  a  seed  of  the  camphor -0 -sulfonate  of  natural 
emetine,  a  precipitate  gradually  comes  down.  The  salt  is  filtered  off  and  washed  with  absolute  alcohol  and 
ether.  There  is  obtained  0.2392  g  (12*70  of  the  theoretical  yield)  of  emetine  camphor-0 -sulfonate  with  m.  pt. 
225-227.5*.  Recrystallization  from  absolute  alcohol  gave  0.212  g  (10. 4<7o  of  the  theoretical  yield).  M.  pt. 
238.5-240*. 


3.005  mg  substance;  6.870  mg  CO^;  2.040  mg  HjO.  2.990  mg  substance:  6.850  mg  CO*;  2.070  mg  HjO. 
5.055  mg  substance;  0.119  ml  N|  (22*,  748  mm).  7.20  mg  substance;  0.171  ml  Nj  (25*,  745.4  mm). 

Found  %:  C  62.35  ,  62.48;  H  7.59,  7.75;  N  2.68,  2.67.  C,9H4o04Nt  •  2CioHi,04S.  Calculated  %:  C  62.25; 

H  7.68;  N  2.96. 

b)  The  emetine  base  prepared  from  isomer  A  diamide  (XI)  does  not  form  crystalline  products  with  camphor- 
0 -sulfonic  acid.  A  substance  identical  with  that  described  above  could  only  be  isolated  in  a  small  yield. 

16.  Isolation  of  emetine  base  from  emetine  camphor-0 -sulfonate,  a)  Synthetic  emetine.  0.158  g  camphor- 
0-sulfonate  of  synthetic  emetine  with  m.  pt.  238.5-240*  is  dissolved  in  12  ml  water  and  treated  with  1Q%  sodium 
hydroxide  solution.  The  resultant  precipitate  of  emetine  base  is  filtered  and  washed  with  water.  M.  pt.  71.5- 
72.5*.  Yield  0.056  g,  69.7%  of  theory.  Emetine  base  was  obtained  in  the  form  of  a  white  amorphous  powder. 
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readily  soluble  in  methyl  and  ethyl  alcohols,  ether,  acetone  and  chiOrofoim,  less  easily  soluble  in  carbon  tetrachlor¬ 
ide,  petroleum,  ether  and  benzene,  sparingly  soluble  in  water. 


3.010  mg  substance:  7.280  mg  COj;  2.120  mg  HjO.  Found<7o;  C  72.30;  H  7.88.  Cj9H^04Nj, 

Calculated  "Jb:  C  72.45;  H  8.39. 

b)  l^metine  (natural).  From  0.15  g  natural  emetine  camphor- 6 -sulfonate  is  obtained  1_ -emetine  base 
with  m.  pt.  71.5-72.5*.  Yield  0.05  g,  65.051»of  theory. 

3.025  mg  substance;  8.010  mg  CO2;  2.100  mg  H2O.  Found  C  72.33“  H  7.78, 

Calculated  C  72.45;  H  8.39 

No  depression  was  observed  iq  a  mixed  melting  point  determination  oi  synthetic  and  natural  emetines. 

16.  Emetine  hydrochloride.  To  an  ethereal  solution  of  synthetic  emetine  base  Is  added  a  saturated  ethereal 
solution  of  hydrogen  chloride.  The  resultant  precipitate  of  emetine  hydrochloride  is  washed  several  times  with  ab¬ 
solute  ether.  It  forms  a  white  powder  with  m.  pt.  243-255*.  The  hydrochloride  prepared  from  natural  emetine  has 
m.  pt.  235-255*.  Prior  to  each  analysis  the  preparation  is  dried  in  vacuum  at  110*  for  IJ-  hours, 

3.080  mg  substance:  7.110  mg  COjj  2.045  mg  H2O.  6,000  mg  substance;  0.289  ml  Nj  (23*,  727  mm). 

5.950  mg  substance:  3.025  mg  AgCl.  Found  C  62.96;  H  7.43;  N  5,31;  Cl  12.58. 

•  2HC1.  Calculated  <5b:  C  62.89;  H  7.48;  N  5.06;  Cl  12.83. 

SUMMARY 

For  the  first  time  a  complete  synthesis  of  the  alkaloid,  emetine,  has  been  realized.  It  has  confirmed  its 
structure  as  4",  5"-dimethoxy-€-ethyl-7-(l”-methyl-6®,  7“-dimethoxy-l",  2",  3”,  4"-tettahydroisoquinolyl)-3,4,5, 

6 , 7, 85 -hexahy  dro-1, 2: 1 2  ’ -be  nzquinolizine. 
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